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Description 

FIELD OF THE INVENTION 

5 The present invention relates to water soluble derivatives of taxol with anti-neoptastic activity, and relates more 

particularly to sulfonated 2'-acryloyltaxol derivatives, 2-sulfoalkyIamino-O-acyl acid taxol derivatives, and 2'-ethylene 
glycol-O-acyl acid taxol derivatives. 

BACKGROUND OF THE INVENTION 

w 

Taxol is a naturally occurring diterpenoid which has great potential as an anti-cancer drug, and which has shown 
activity in several tumor systems. Taxol was first isolated and its structure reported by Wani, et aL, in "Plant Anti-Tumor 
Agents. VI. The Isolation And Structure Of Taxol, A Novel Anti-Leukemic And Anti-Tumor Agent From Taxus brevifolia ," 
J. Am. Chem. Soc. , 1971, 93, 2325. Taxol is found in the stem bark of the Western Yew, Taxus brevifolia , as well as 

is in T baccata and T. cuspidata . 

The biological activity of taxol is related to its effect on cell division. Taxol promotes formation of the microtubules 
forming the mitotic spindle during cell division. However, taxol prevents depolymerization of the tubulin forming the 
microtubules of the mitotic spindle, which is essential for cell division to take place. Thus, taxol causes cell division to 
stop. Taxol's mechanism is unique since it promotes the formation of tubulin polymers, whereas other anti-cancer drugs, 

20 such as vinblastine and colchicine, prevent microtubule formation. 

Extensive testing of taxol has not been performed because taxol is in short supply and has not yet been successfully 
synthesized. Preliminary studies have shown that taxol may have marginal activity in acute leukemia and melanoma, 
and some activity has been noted in other tumors. Further, studies by McGuire et al. found taxol to be an active agent 
against drug-refractory ovarian cancer. See Taxol: A Unique Antineoplastic Agent With Significant Activity In Advanced 

25 Ovarian Epithelial Neoplasms," Ann. Int. Med. . 1 989, 111, 273-279. However, due to the low water solubility of taxol, 
doses had to be delivered as infusions diluted in aqueous dextrose solutions. 

It should be noted that in phase 1 clinical trials, taxol itself did not show excessive toxic effects, but severe allergic 
reactions were caused by the emulsrfiers administered in conjunction with taxol to compensate for taxol's low water 
solubility. In fact, at least one patient's death was caused by an allergic reaction induced by the emulsifiers. Therefore, 

30 researchers have attempted to create water soluble derivatives of taxol which retain their anti-neoplastic and anti-cancer 
activity. 

With reference to Figure 1, the structure of taxol is illustrated along with a 1 H nuclear magnetic resonance (NMR) 
spectrum of a taxol sample. The NMR signals are well separated and cover the region from 1 .0 to 8.2 ppm. For simplicity, 
the spectrum is divided into three regions: a first region between 1 .0 and 2.5 ppm formed by strong 3-proton signals of 

35 the methyl and acetate groups as well as complex multiplets caused by certain methylene groups; a second region 
between 2.5 and 7.0 ppm represents the signals observed from most of the protons on the taxane skeleton and the side 
chain; a third region between 7.0 and 8.2 ppm is formed by the signals from the aromatic protons of the C-2 benzoate, 
C-3' phenyl and C-3' benzamide groups. The peaks of the NMR spectrum in Figure 1 are labeled according to the number 
of the carbon in the taxol. structure to which the protons inducing the signals are attached. 

40 Magri and Kingston reported on the biological activity of taxols substituted at the C-2' and C-7 positions in order to 

make them more water soluble. See "Modified Taxols, 4. 1 Synthesis And Biological Activity Of Taxols Modified In The 
Side Chain," Journal of Natural Products vol. 51 , no. 2 pp. 298-306, Mar-April 1 988. A 2'-(t-butyldimethylsilyl) taxol was 
synthesized and found to be essentially inactive; this was taken as an indication of the need for a free hydroxy I group 
at the 2' position of the taxol side chain for biological activity. Further, acyl substituents at the 2' position in 2'-acetyltaxol 

45 and 2',7-diacetyltaxol were readily hydrolyzed under in vivo conditions, and both showed activity in a cell culture bio- 
assay. The lability of the acyl substituents at the 2' position suggested that 2'-acetyltaxols could serve as prodrug forms 
of taxol. (Generally, a prodrug is a compound which exhibits pharmacologic activity after biotransformation.) 
Magri and Kingston reported that two taxols with increased water solubility were prepared, 2'-(p-alanyl)taxol: 

50 
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and 2'-succinyltaxol: 
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The 2'-(p-alanyl)taxol was found to be active in vivo and in vitro , but was unstable. The 2'-succinyltaxol, prepared by 
the treatment of taxol with succinic anhydride, had a much diminished P-388 in vivo activity as compared with taxol. 
35 Thus, research efforts were concentrated on other derivatives of taxol which did not suffer from instability, or inactivity 
in vivo or in vitro . 

Deutsch et al., in "Synthesis of Congeners And Prodrugs. 3. 1 Water-Soluble Prodrugs Of Taxol With Potent Antitumor 
Activity,'' J. Med. Chem. 1989, 32 788-792, reported that salts of 2'-succinyltaxol and 2'-glutaryltaxol had improved 
antitumor activities when compared to the free acids. Since these researchers believed that salts prepared with different 

40 counterions often have substantially different properties, a variety of 2' substituted taxol salts were synthesized and 
tested. Triethanolamine and N-methylglucamine salts of the 2' substituted taxol derivatives showed greatly improved 
aqueous solubility and had more activity than sodium salts. Further, a series of 2*-glutaryltaxol salts were found to have 
higher activity than their 2'-glutaryltaxol analogs. In particular, the taxol salt resulting from the coupling of 2'-glutaryltaxol 
with 3-(dimethylamino)-1 -propylamine using N, N'-carbonyldiimidazole (CDI), demonstrated good solubility and bioac- 

45 tivity. 

Similar findings are also disclosed in publication No WO-A-89/08453. Triethanolamine and N-methylgucamine salts 
of a 2'-monosuccinate derivative of taxol were each found to have an improved aqueous solubility and formed normal 
solutions at up to 1% concentration. Also 2-monoglutarate taxol derivatives were preferred due to the higher yield ob- 
tained when synthesised and improved bioactivity. The publication also states that the taxol salts derived from the cou- 

50 piing of t'-giuiaryltaxc! with 2-(dimethy!amino)-1- propylamine using N.H-carbonyldiimidazole produce excellent yields 
and the hydrochloride salt shows good solubility, up to 1%, and bioactivity. 

In addition to increasing the solubility and bioactivity of taxol, it is desirable that the taxol derivatives formed have 
increased stability to prolong their shelf life. It is believed that salts of taxol esters are very susceptible to base hydrolysis, 
and water-solubilizing groups, such as carboxylate salts or amine salts, tend to be basic. Thus, it is desired that neutral, 

ss water-soluble taxol derivatives be synthesized which also have improved or the equivalent activity of taxol. Organic 
sulfonate salts tend to be neutral or only slightly basic, and therefore, sulfonate salts of taxol esters should have improved 
stability. Further, due to the difficulties involved in synthesizing carboxylic and amine salts of taxol esters, it is desirable 
to find less expensive water-soluble taxol derivatives and processes for forming them. 
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SUMMARY OF THE INVENTION 

The present invention relates to the production of water soluble taxol derivatives, and water soluble sulfonate salts 
of taxol. In a preferred embodiment, 2'-[(3-sulfo-1-oxopropyl)-oxy] taxol sodium salt is formed by reacting taxol with 

s acrylic acid to form the intermediate, 2'-acryloyltaxol; the 2'-acryloyltaxol is then subjected to a Michael reaction with 
sodium bisulfite to form the 2*-sulfoethyl ester salt of taxol. Other members of the acrylic acid family, such as but not 
limited to cinnamic acid, crotonic acid, and other alkyl and/or aryl alpha and/or beta substituted acrylic acids, are also 
reacted with taxol to form 2'-acryloyl taxol derivatives. In another preferred embodiment, 2'-0-acyl acid taxols, such as 
2'-succinyltaxol and 2-glutaryltaxol, are subjected to a novel reaction with the tetrabutylammonium salt of taurine to 

10 form sulfoalkylamine salts of the 2'-0-acyl acid taxols. Another preferred embodiment involves the reaction of amino 
sulfonic acid salts with succinic or glutaric anhydride, and reaction of the product with taxol to form sulfoalkylamine 
2'-0-acyl acid taxol derivatives. In a further embodiment, ethylene glycol derivatives of 2'-0-acyl acid taxols are formed. 
These compounds exhibit high water solubility, and demonstrate anti-leukemic, antineoplastic, and/or anti-cancer ac- 
tivity. 

15 Thus, it is a primary object of this invention to produce water-soluble derivatives of taxol with high bioactivity and 

stability. 

It is a further object of the present invention to provide a simple and inexpensive process for forming 2'-acryloyltaxols 
and their sulfonate salt derivatives. 

It is yet another object of the present invention to produce 2'-0-acyl acid taxols and their sulfoalkylamine salts. 
20 it is a still further object of the present invention to produce sulfoalkylamine derivatives of 2'-0-acyl acid taxols by 

simple and inexpensive processes. 

It is yet a further object of the present invention to produce hydroxyalkoxy derivatives of 2'-0-acyl acid taxol. 

DESCRIPTION OF THE DRAWINGS 

25 

Figure 1 is a representation of the taxol structure and its nuclear magnetic resonance, NMR, spectrum with peaks 
labeled according to the part of the taxol structure to which they correspond. 
Figure 2 is a NMR spectrum of 2'-0-cinnamoyftaxol (2'-cinnamoyl taxol). 
Figure 3 is a NMR spectrum of 2'-0-crotonyl taxol (2*-crotonyl taxol). 

30 

DETAILED DESCRIPTION OF THE INVENTION 

Taxol was obtained from the National Cancer Institute. 1 H-NMR and 13 C-NMR spectra were made with a Bruker 
270SY 270 MHz spectrometer; 2D-NMR were obtained using a Bruker WP200 200 MHz spectrometer. Chemical shifts 

35 (8) are all recorded in parts per million (ppm) downfield from TMS in 1 H-NMR, and 13 C-NMR chemical shifts are based 
on chloroform's shift at 77.0 ppm or on the TMS shift at 0 ppm. Samples were generally recorded while in CDC1 3 or 
CD 3 OD at ambient temperature. Mass spectra were obtained using a Finnigan-MAT 112 gas chromatograph-mass 
spectrometer and VG 7070 HF mass spectrometer equipped with data system, FAB source, and EI/CI source. NMR 
and mass spectroscopy data are most useful in studying taxol and its derivatives, with other methods, such as IR and 

40 UV, providing additional structure confirmation information. 

Other analytical instruments used included Perkin-Elmer 71 0B infrared and Perkin-Elmer 330 UV-visible spectro- 
photometers, and a Perkin-Elmer polarimeter. HPLC was carried out on an apparatus consisting of a Waters M6000 
pump, a Rheodyne injection valve, a Waters Radial-Pak RLM-100 RP-8 column, and a Waters 440 UV detector. 

45 2'-ACRYLOYLTAXOLS 

2'-acryloyItaxols were prepared by reacting taxol with various members of the acrylic acid family. 2'-[(3-surfo-1-ox- 
opropyl)oxy]taxol sodium salt was prepared by coupling taxol with acrylic acid followed by Michael addition of bisulfite 
ion. Taxol was reacted with the acrylic acid using isobutylchloroformate as the coupling agent. This produced 2'-acry- 

50 loyltaxol in S4% yield after purification via flash chromatography (silica gel, 1/1 dichloromethane/ethyl acetate). Using 
TLC, the coupling of acrylic acid to taxol was found to be 90% complete in 15 hours at 60°C. The disubstituted C-2 ! , 
C-7 product was not formed after extended reaction times. Proton NMR spectra of the 2'-acryloyltaxol showed that the 
signal for the C-2' proton was shifted downfield to 5.46 ppm (d, j=3), from the 4.73 ppm shift for the C-2' proton in 
unsubstituted taxol. The downfield shift is consistent with acylation of the C-2' hydroxy I group. Since the signal for the 

55 c-7 proton at 4.43 ppm was essentially unchanged when compared with the unsubstituted taxol C-7 proton signal at 
4.38 ppm, it was concluded that no reaction had taken place at the C-7 position. Mass spectroscopy indicated a molecular 
weight of 907 with peaks at m/z 930 (MNa + ) and 908 (MH + ). 

The 2'-acryloyltaxol was then reacted with sodium bisulfite in a Michael addition reaction. Sodium bisulfite was used 
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because it is a good nucleophile. and because it provides suitable pH conditions for the reaction. Proton NMR spectra 
of the Michael addition reaction product were contrasted with the spectra of the 2'-acryloyltaxoL The signals in the NMR 
spectra of the 2'-acryloy!taxol that are due to the presence of the vinyl protons were not present in the spectra of the 
Michael addition product. However, two triplets at 3.14 ppm and 2.93 ppm indicated the presence of the two new meth- 

s ylene groups in the Michael addition product. Mass spectroscopy of the Michael reaction product indicated a molecular 
weight of 1011 with peaks present at m/z 1034 (MNa + ) and 1012 (MH+). 

The formation of 2'-[(3-sulfo-1-oxopropyl)oxy]taxol sodium salt was attempted in a one-step reaction by combining 
taxol with 3-hydroxy-3-oxopropyl sulfonic acid in the presence of pyridine and DCC (dicyclohexylcar-bodiimide), but no 
product was obtained. This is possibly due to inter-molecular attack by the sulfonyl group on the reaction intermediate, 

10 Cinnamic acid (phenyl acrylic acid) was coupled to the 2' position of taxol with dicyclohexylcarbodiimide in the 
presence of 4-dimethylaminopyridine (note that mild basic conditions were used to avoid substitution of other positions 
on the taxol structure and to avoid possible side reactions). With reference to Figure 2, the NMR spectrum of the resulting 
2'-0-cinnamoyltaxol is represented, and shows that the compound was formed in high yield and purity. It is noted that 
other alpha and/or beta aryl substituted or cyclic hydrocarbon substituted acrylic acids can be reacted with taxol to form 

*s 2'-acryoyl derivatives. 

Crotonic acid (methyl acrylic acid) was coupled to taxol by the use of dicyclohexylcarbodiimide in the presence of 
4-dimethylaminopyridine. With reference to Figure 3, the proton NMR spectrum of 2'-0-crontonyl taxol is represented, 
which confirms the synthesis of 2'-0-crontonyl taxol in high yield and purity. Note that acrylic acid substituted at the 
alpha and/or beta position with other alkyls or alkenes can be reacted with taxol to form 2 , -acryloyl derivatives, provided 
20 the alkyl and/or alkenyl groups do not interfere in the reaction or the water solubility of the resulting compounds (obviously 
longer chain hydrocarbons may serve to lower the water solubility of the resulting compound). 

2'-Q-ACYL ACID TAXOL DERIVATIVES 

25 2'-{[4-((2-sulfoethyl)amino)-1,4-dioxobutyl]oxyJtaxol sodium salt and 2'-{[4-((3-sulfopropyl)amino-1,4-dioxobutyl] 
oxyjtaxol sodium salt were produced in high yield by coupling 2'-succinyltaxol with taurine (2-amino-ethyl sulfonic acid) 
and 3-aminopropyl sulfonic acid tetrabutylammonium salts, respectively. Note that other quaternary ammonium salts 
may be used to make the amino-alkyl sulfonic acids organic solvent soluble. 2'-succinyl-taxol was formed by the reaction 
of succinic anhydride with taxol for two hours at room temperature in pyridine or DMP. In comparison with the NMR 

30 spectrum of taxol, the NMR spectrum of 2'-succinyltaxol showed a downfield shift of the C-2' proton signal to 5.51 ppm, 
and the succinyl proton caused multiplets centered about 2.6 ppm. 

The 2'-succinyltaxoi was then reacted with taurine tetrabutylammonium salt using isobutylchloroformate as the cou- 
pling agent. 2'-{[4-((2-sulfoethyl)amino)-1 ,4-dioxobutyl]-oxy}taxol tetrabutylammonium salt was produced in 1 00% yield 
after isolation via flash chromatography on silica gel using 7/1 dichloromethane/methanol. The reaction was only 80% 

35 complete in two hours as monitored by TLC; in order to obtain 100% yield, extended reaction times were necessary. 
The NMR spectrum of the sulfoalkylamine derivative of 2'-succinyltaxol showed new peaks at 3.6 ppm and 2.94 ppm 
for the two methylene groups. The sodium salt of 2*-{[4-((2-sulfoethyl)amino)-1 ,4-dioxobutyl]oxy)taxol was achieved by 
running 2 , -{[4-((2-sulfo-ethyl)amino)-1,4-dioxobutyl]oxy}taxol tetrabutylammonium salt through a Dowex 50 ion ex- 
change column (Na + form). An NMR spectrum of the sodium salt showed the absence of signals for the tetrabutyl group. 

to Mass spectroscopy of the sodium salt indicated a molecular weight of 1 082 by the presence of peaks at m/z 1 1 05 (MNa + ) 
and 1083 (MH + ). 2'-{[4-((3-sulfopropyl)amino)-1,4-dioxobutyl]oxy}taxol sodium salt was prepared by the same method 
used for the sulfoethyl-aminotaxol sodium salt; however, the taurine was replaced with 3-amino-1-sulfopropionic acid 
tetrabutylammonium salt. An NMR spectrum confirmed the synthesis of the 3-sulfopropyiamino derivative; new peaks 
were present at 3.28, 1 .98, and 2.87 ppm, representing the three additional methylene groups forming the propyl moiety. 

45 The sodium salt form of the sulfopropylamino-succinyltaxol derivative was formed by passing the tetrabutylammonium 
salt through a Dowex 50 ion exchange column (Na + form). Mass spectroscopy of the sodium salt of the sulfopropylami- 
no-succinyltaxol derivative indicated a molecular weight of 1 096 by the presence of peaks at m/z 1119 (MNa + ) and 1 097 
(MH + ). 

It is also contemplated that an amide linkage can be formed between an amino sulfonic acid and an anhydride or 
so diacid, and that the product can be reacted with taxol to form water soluble 2'-0-acyl acid taxol derivatives. Preferably, 
the amino sulfonic acid is an organic solvent soluble salt. 

Attempts to form 2 , -{[4-((2-sulfoethyl)amino)-1,4-dtoxobutyl]oxy}taxol sodium salt directly from 2'-succinyltaxol in a 
one-step reaction were unsuccessful. 2'-succinyltaxol was combined with triethanolamine, isobutylchloroformate, tet- 
rahydrofuran (THF), taurine, DMF, and water. However, water, necessary to solubilize taurine, hydrolyzed the mixed 
55 anhydride intermediate back to the starting material. When nonaqueous conditions were tried, the reaction still did not 
succeed because the taurine did not dissolve in the organic solvents. 

2'-{[4-((2-ethanethiol)amino)-1,4-dioxobutyl]oxy}taxol was prepared in low yield by combining 2'-succinyltaxol with 
triethylamine, isobutylchloroformate, THF, 2-thioethylamine and dichloromethane. Attempts to oxidize the thiol to the 
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desired sulfonic acid with meta-chloroperbenzoic acid, MCPBA, and dichloromethane did not yield appreciable amounts 
of the desired sutfoalkylamine succinyltaxoi derivative. 

ETHYLENE GLYCOL DERIVATIVES OF SUCCINYLTAXOL 

5 

2'-{[4-((hydroxylethyl)oxy)-1 ,4-dioxobutyl]oxy}taxol was prepared by coupling succinyltaxoi with ethylene glycol. The 
hydroxy ethyloxysuccinyltaxol derivative was formed in 83% yield after a reaction time of 20 hours at room temperature. 
The hydroxyethy loxysucciny Itaxol derivative was made in order to convert the secondary hydroxy I group at the 2' position 
in taxol to a primary hydroxyl group; it is hypothesized that the hydroxyl group in the product is more reactive than that 
io of the hydroxyl in taxol, and that this will make it possible to make other taxol derivatives under mild conditions. An NMR 
spectrum of the ethylene glycol derivative showed the presence of new peaks at 37 ppm and 4.1 ppm, which are 
assigned to the two new methylene groups of the hydroxyethyloxy derivative. Mass spectroscopy indicated a molecular 
weight of 997 by the presence of peaks at m/z 1020 (MNa + ) and 998 (MH + ). 

1S 2'-vAMINOBUTYRYLTAXOL FORMATE 

2 , -Y-aminobutyryltaxoi formate was synthesized by coupling taxol with N-carbobenzyIoxy(CBZ)-Y-aminobutyric acid 
followed by deprotection of the amine. Taxol was reacted with N-CBZ-y- aminobutyric acid using dicyclohexyl-carbodi- 
imide (DCC) as the coupling agent. The resulting 2'-NCBZ^-aminobutyryl taxol was produced in 75% yield after purifi- 

20 cation via preparative TLC with silica gel and 3/2 hexane/ethyl acetate. DCC decomposes to dicyclo-hexylurea with the 
addition of water, so the excess reagents used to drive the reaction did not present a problem; most of the dicyclohex- 
ylurea and N-CBZ-y-amino-butyric acid were removed by filtration. Deprotection of the 2'-N-CBZ-Y-aminobutyryltaxol 
was effected using 5% Pd/C as a catalyst and formic acid as a hydrogen source. Formic acid provides an active form 
of hydrogen for removal of CBZ protecting groups, and the reaction yields the 2'-y-aminobutyryltaxol derivative as a 

25 ■ formate salt, which is more water soluble than the neutral form. NMR confirmed the synthesis of the 2'^-aminobutyryl 
taxol formate. However, the compound was unstable in methanol solution and decomposed back to taxol after a few 
hours. This instability precluded further consideration of 2'-7-amino-butyryltaxol formate as a prodrug form of taxol. 

WATER SOLUBILITY 

30 

Water solubilities for all compounds were determined by the partition coefficient between 1 -octanoi and water. Oc- 
tanol saturated with distilled water and distilled water saturated with octanoi were used for the solubility determinations. 
Partition experiment results showed that 2'-((3-sulfo-1 -oxopropyl)oxy]taxol sodium salt is 21 0 times more water soluble 
than taxol, 2'-{[4-((2-sulfoethyl) amino)-1 ,4-dioxobutyl]oxy] taxol sodium salt is 191 times more soluble than taxol, and 
35 2'-{[4-((3-sulf opropyl)amino)-1 ,4-dioxobutyl)oxy}taxol sodium salt is 1 1 8 times more water soluble than taxol. 

EXAMPLES 

The following nonlimiting examples 1 and 2 provide specific synthesis methods for preparing the water soluble taxol 
40 derivatives of the present invention. All technical and scientific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art. Other methods and materials similar or equivalent to those described 
herein can be used in the practice or testing of the present invention. 

Comparative EXAMPLE 1 

45 

Triethylamine, 50 \xi and acrylic acid 30 ui were dissolved in 5 ml dry THF in a 25 ml round-bottom flask under an 
argon gas atmosphere. After cooling the solution to 0°C in an icebath, 50 \it of isobutylchloroformate were added, and 
the reaction mixture was warmed to room temperature over a 15-minute period. One hundred milligrams of taxol were 
added to the reaction mixture, and the solution was 6tirred at 60° C for 15 hours, and monitored by TLC with dichlo- 
50 romethane/ethyl acetate (2/1 ). Triethylamine hydrochloride precipitated during the reaction, and was removed by filtra- 
tion. The solvent was then removed in vacuo , and the product was purified via flash chromatoghraphy using siiica gei 
and 1/1 dichloromethane/ethyl acetate. This yielded 100 mg (94%) of 2'-acryloyltaxol: 
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C 6 H 5 

20 The acryloyl moiety on the 2'-acryloyltaxol is a good Michael acceptor due to the electrophilic p alkene carbon atom 
which is subject to nucleophilic attack. Thus reaction of 2'-acryk>yltaxol with suitable nucleophiles will result in Michael 
addition at the 2' position. An 65 mg quantity of the 2-acryloyltaxol was dissolved in about 3 ml of distilled isopropanot, 
and 84 mg of sodium meta-bisulfite were dissolved in about 1 ml of distilled water. The two solutions were mixed together, 
and the reaction mixture stirred at 60°C for about 15 hours. TLC with 10/1 dichloromethane/methanol was used to 

2S monitor the reaction. The solvents were then removed under vacuum, and water was removed by azeotroping with 
acetonitrile. Flash chromatography with 2/1 dichloromethane/isopropanol was used to purify the product. A yield of 83.5 
mg (83.5%) of 2'-[(3-sulfo-1 -oxopropyl)oxy]taxol sodium salt resulted: 



30 



35 



40 




NMR, MS, UV, and IR (KBr) were performed on samples of the product, and optical rotation, and melting point were 
determined, with the characterization data and NMR data presented in Tables 1 and 2 below. 



TABLE 1 



so 


Characterization Data For 2'-[(3.sulfo-1-oxopropyl)oxy]taxol sodium salt 




m.p. 


175-176°C 




l<x] 20 D 


-30°(0.0012, MeOH) 




IR (KBr): 


3500, 2950, 1760, 1730, 1660, 1380, 1250, 1190, 1100, 800cm- 1 


55 


(JV ^MeOH max : 


279 nm (e 579), 270 nm (e 869), 228 nm (e 15072) 




MS (FAB): 


1034 (MNa + ), 1012 (MH + ) 
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nkr Data ror 
2'~[<3-«ulf -1-oxopropyl) xy] 
tax 1 sodium salt 

Position *H Shift (ppm from TMS) 13 C Shift (ppm from 

TMS) 

Coupling (hertz) 



C-l 
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C-2 6.2 (d,7) 75 

C-3 3.82 (d,7) 45.8 
30 

C-4 80.5 

C-5 5.0 (d,9) 84 

C-6 2.48 B 35.2 

C-7 4.35 m 76 

C-8 57.9 

C-9 203.8 

C-10 6.45 s 70.8 

C-ll 131 

C-12 141 

C-13 6.09 (t,8) 75.4 

C-14 2.48 n 35.8 

C-15 43 

C-16 1.15 s 25.9 

C-17 1.17 S 19.8 

C-18 1.95 S 13.8 

C-19 1.67 s 9.4 

C-20 4.21 S 70.8 

C-l' 171 

C-2' 5.45 (d,3) 74 

C-3' 5.84 (d,7) 53.1 

N.-H 7.26 (t,9) 

CHj(OAc) 2.2 S 21 

CHj(OAc) 2.4 S 21.9 



5 



EP0 537 905 B1 

Bz 7.4-8*1 a 126.8-138.1 

CO(OAc) 168.4 

CO(OAc) 169.9 

CO(OBz) 166.2 

w CO(NBZ) 168.2 

C-l* 170.2 

C-2* 2.93 (t 8) 29.2 

C-3* 3.14 (t 8) 63.2 



15 



* under CHCl, signal 



Note that it is anticipated that the acrylic acid used may be replaced with other members of the acrylic acid family 
25 which are also good Michael acceptors, and that the salt-forming moiety may be another alkaline metal, or an ammonio 
group, such as a tetrabutylammonium group. It is also envisioned that the salt forming moiety may be replaced with H. 
Biological testing of 2'-[(3-sulfc~1-oxopropyl)oxy]taxol sodium salt demonstrated that the compound is bioactive in ad- 
dition to having improved water solubility. 

30 Comparative EXAMPLE 2 

A 206 mg quantity of taxol was combined with 2.9 mg of 4-dimethylaminopyridine (DMAP) and 49 mg of succinic 
anhydride in a 25 ml flask equipped with a magnetic stirrer A 2.0 ml quantity of dry pyridine was added, and the solution 
was stirred at room temperature for 2.5 hours. Several milliters of water were then added to produce a white precipitate 

35 in an opaque suspension. Several milliters of dichloromethane were then added to extract the products. Addition of 1 
ml of concentrated HCI caused the white aqueous suspension to disappear. Sodium sulphate was used to dry the 
dichloromethane layer, which was then filtered and evaporated. TLC with 7/1 C^CIg/MeOH indicated only a trace of 
pyridine remaining. The remaining pyridine was removed by the cyclical addition of heptane followed by evaporation; 
this yielded 218 mg of succinyltaxol, representing a 96.6% yield. Proton NMR of the product matched values given in 

40 the literature. The structure was also confirmed using 2D-NMR HOMO COSY (homonuclear correlation spectroscopy). 
Taurine, H2NCH2CH2S03H, is a highly polar compound which is essentially insoluble in organic solvents such as 
chloroform. Taurine derivatives of organic acids have been made in the past by treating the acid chloride with taurine 
under Schotten-Baumann conditions (i.e., in basic aqueous or aqueous-ethanolic solution). This method was unaccept- 
able for taxol because it is readily hydrolyzed in base, and would thus decompose under the reaction conditions, In order 

45 to overcome this problem, a new method was developed which involved the addition of taurine to tetrabutylammonium 
hydroxide, followed by removal of unreacted materials and evaporation. This yielded the tetrabutylammonium salt of 
taurine instead of the sodium salt used in the prior art. The tetrabutylammonium salt of taurine is soluble in organic 
solvents, such as dichloromethane. Thus, 2*-succinyltaxol in THF and triethyiamine can be reacted with isobutylchloro- 
formate and taurine tetrabutylammonium salt to form the tetrabutylammonium salt of the the taxol taurine derivative. 

so Note that the intermediate is a mixed anhydride, which hydrolyzes back to the starting compound in the presence of water. 
A minimum volume of distilled water was used to dissolve 250 mg taurine in a flask, and i mi of aqueous ieirabuiy- 
lammonium hydroxide was added to the solution. The solution was stirred at room temperature for one hour, and then 
evaporated to dryness. The dry product was dissolved in dry THF (about 1 5 ml), filtered, and the filtrate was evaporated 
until dry. The dried product was then redissolved in 2 ml of dried THF. 

55 
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PREPARATION OF 2Wr4-«2-SULFOETHYUAMINOH. 4-DIOXOBUTYL1QXY)TAXOL 
TETRABUTYLAMMONIUM SALT 

A solution of 2-succinyltaxol, formed by dissolving 122 mg of 2'-succinyltaxol in about 4 ml of dried THF and 50 \i£ 
s of triethylamine, was cooled to about 0°C. The solution was then combined with 60 \if. of isobutylchloro-formate, the 
reaction mixture was warmed to room temperature over a 15-minute period, and 0.5 ml of taurine tetrabutylammonium 
salt in THF solution (equivalent to 91 mg of taurine tetrabutylammonium salt) were added Following the addition of the 
taurine tetrabutyl-ammonium salt, the reaction mixture was stirred at room temperature for 5 hours, and the reaction 
was monitored by TLC with 2/1 EtOAc/MeOH. The reaction mixture was then filtered, and the solvents were evaporated. 
10 Purification by Hash chromatography using silica gel (300 X 15 mm bed, 7/1 CH 2 C(2/MeOH) yielded 168 mg (100%) of 
2'-{[4-((2-sulfoethyl)amino)-1 ,4-dioxobutyl]oxy}taxol tetrabutylammonium salt. 

The tetrabutylammonium salt was converted to the sodium salt by placing 160 mg of the tetrabutylammonium salt 
in a beaker with Dowex 50 ion exchange resin in the Na + form (about 3 ml of resin in 3 ml of deionized water). After 
stirring the mixture at room temperature for 1 .5 hours, the mixture was then passed through a small resin column which 
is contained 2 ml of resin in the Na + form, using deionized water as the solvent. 

The solution was azeotroped with acetonitrile to yield 1 22 mg (91 .7%) of 2'-{[4-((2-sulfoethyl)amino)-1 ,4-dioxobutyl] 
oxyjtaxol sodium salt: 



20 



25 



30 




NHlCH 2 ) 2 50iNa C $ H 3 

Characterization data are presented below in Table 3, and NMR chemical shift data are presented in Table 4 

below. 



TABLE 3 



40 


Characterization Data For 2'-{[4-((2-Sulfoethyl)Amlno)-1, 4-Dioxobutyl]Oxy}taxol Sodium Salt 




nrp. 


174-175°C 




[ap° D 


-29.8° (0.0055, MeOH) 




IR (KBr): 


3450, 3000, 1760, 1730, 1660, 1560, 1400, 1260, 1190, 1050 cm" 1 


45 


(jy ^MeOH max- 


279 nm (e 649), 271 nm (e 8920), 228 nm (e 12824) 




MS (FAB): 


1105 (MNa + ), 1083 (MH + ) 



TABU 4 



mat Data For 

55 
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2 / -((4-((2-8ulfo«thyl)ABino)-l / 
4-Diox butyl) Oscy) taxol Sodiua Salt 

Position 'H Shift (ppm from TMS) ,3 C Shift (ppm from 



TMS) 

Coupling (hertz) 

C-T 79 

C-2 5.66 (d,7) 76.6 

C-3 3.8 (d,7) 47.2 

C-4 81.6 

C-5 5.02 (d,9) 85.4 

C-6 2.52 m 36 

C-7 4.35 m 77.3 

C-8 58.8 

C-9 204.8 

C-10 6.43 s 72.8 

C-ll 132.6 

C-12 142.2 

C-13 6.05 (t,8) 75.9 

C-14 2.14 n 36.2 
C-15 44.1 

C-16 1.18 S 26.8 

C-17 1.18 s 21 

C-18 1.94 s 14.9 

C-19 1.67 S 10.2 

C-20 4.23 72 

C-l' 173.4 

C-2' 5.46 (d,7) 75.8 

C-3' 5.8 (dd 7,7) 55 
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N-H 7.27 (t,7) 

CHjfOAc) 2.2 s 22.2 

CH 3 (OAc) 2.4 3 23.3 

Bz 7.4-8.1 a 126.8-138.1 
CO(OAc) 170.2 
CO(OAC) 170.2 
CO(OBZ) 167.2 
CO(NBZ) 171.2 
Ol* 173.1 

C-2* 2.72 m 30 

C-3* 2.52 n 30 
C-4* 173.1 

01" 3.58 D 47 

C-2* 2.96 m 51 

N-H 3.58 (t f 7) 



Note that the tetrabutylammonium salt of taurine may easily be reacted with other 2 , -0-acyl acid taxols, such as 
2'-glutaryltaxol. 2'-glutaryltaxol can be formed easily by substituting glutaric anhydride for succinic anhydride. It is be- 
lieved that other members of the oxatic acid series and other anhydrides may react with taxol more or less equivalently 
to the compounds specifically disclosed. Note that, in some instances, ^-glutaryltaxol may be preferred to the use of 
other 2'-0-acyl acid taxols. Further, it is contemplated that the salt forming moiety may be replaced with H or another 
alkaline or alkaline earth metal. 

Comparative EXAMPLE 3 

A solution of 280 mg 3-amino-1-sulfopropionic acid in distilled water was formed, and 1 ml tetrabutylammonium 
hydroxide was added. The solution was stirred at 60°C for one hour, and then evaporated to dryness. The products 
were dissolved in about 15 ml THF and excess 3-amino-1-sulfopropionic acid was removed by filtration. The filtrate was 
evaporated, and redissolved in 2 ml dried THF for subsequent reaction. A solution of 1 30 mg 2'-succinyltaxol and 50 \i€ 
of triethylamine in 4 ml of dry THF was formed, and the solution was cooled down to 0°C. A 50 u.€ aliquot of isobutylchlo- 
roformate was added to the reaction mixture, and the solution was warmed to room temperature in about 15 minutes. 
This was followed by the addition of 0.6 ml of 3-amino-1-sulfopropionic acid tetrabutylammonium salt in THF solution 
(equivalent to 108 mg of 3-amino-1-sulfopropionic acid tetrabutylammonium salt). The reaction mixture was stirred at 
room temperature for three hours, and reaction progress was monitored by TLC with 4/1 ethyl acetate/methane!. The 
reaction solution was then filtered and evaporated, with the product being purified by flash chromatography using silica 
gel (300 mm x 15 mm bed with a 10/1 dichloromethane/methanol eluent). A yield of 128 mg (71 .2%) of the homogenous 
tetrabutylammonium salt of taxol resulted. 

The tetrabutylammonium salt was converted to the sodium salt by placing 120 mg of 2'-{[4~((3-sulfopropyl)-amino) 
-1,4-dioxobutyl]oxy}taxol tetrabutylammonium salt in a beaker with Dowex 50 ion exchange resin in the Na + form (ap- 
proximately 3 ml of resin per 3 ml deionized water). The mixture was stirred at room temperature for about 1.5 hours, 
and then passed through a resin column which contained 2 ml of resin in the Na + form, and using deionized water as a 
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solvent. The solution was azeotroped with acetonitrile and yielded 84 mg (79.3%) of 2'-{[4-((3-sulfopropyl)-amino)-1 ,4-di- 
oxobutyl]oxy)taxol sodium salt: 



0 
II 



C 3 HsCNH 




HjC6 

0 
I 

<CH 2 ) 2 

I 

o=c 

I 

NHKH^SOjNo 

Characterization data for this compound is presented in Table 5, and NMR chemical shift data is presented in 
Table 6 below. 



TXBLI 5 



Characterisation Data for 
2 ' - { [ 4 - ( ( 3 - 0ul fop ropy 1 ) Amino ) - 1 , 
4-Dioxobutyl]oxy)taxol Sodium Salt 



H&« p « 



168-169 # C 



-29 • (0*001, MoOH) 



IR (KBr) : 
MS (FAB) : 



3480, 3000, 1760, 1740, 1660, 1550, 1400, 
1260, 1050 cm* 1 

279 run (€ 974), 271 nm (€ 1240), 228 nm 
(€ 12719) 

1119 (MNa*) , 1097 (MH*) 
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hocbl Data r r 
2'-([4-( (3-Sulf pr pyl) Amino) -1, 
4-Di xobutyl]ory) taxol Sodium Salt 

Position 'h Shift (ppm from TMS) 13 C Shift (ppm from 



TMS) 

Coupling (hertz) 

___ _ 

C-2 5.63 (d,7) 74.8 

C-3 3.8 (d,7) 46 

C-4 80.8 

C-5 4.99 (d,9) 84.2 

C-6 2.5m 34.7 

C-7 4.34 m 75.9 

C-8 57 . 5 

C-9 204.2 

C-10 6.44 s 71.3 

C-ll 131.6 

C-12 141.2 

C-13 6.05 (t,8) 75.2 

C-14 2.14 a 35.7 
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C-15 




42 . 8 


C-lo 




25.6 


C—l / 




19 . 4 




1.93 S 


13.6 




1 . 67 s 


8.9 


C-Zu 


4 9 1 s 


70 . 8 


C-l 




172 


C — 2 r 


J • *t ^ ^ SJl ^ / / 


74 . 2 


C-3 ' 


70 Md 7 7^ 


53 . 6 


N-H 


n ok *7\ 

/•ZD ^ t. , / J 






2*2 3 


20.9 




2,4 s 


21.6 


OZ 


7 4-8 . 1 m 


126.8-138.1 






169 


CO (OAC) 




170 ♦ 2 


CO (OBZ ) 




166. 4 


co (Ndz ; 




170. 2 






171.9 


C-2 




29 


C-3 


o m ft" 7\ 


29 .8 


C-4* 




171.9 


C-l* 


3.25 m 


37,9 


C-2* 


1*98 a 




C-3" 


2,85 <t,7) 


** 


* under CHC1 3 signal 


** under MeOH signal 





Note, it is envisioned that sodium can be replaced with H or any other salt forming moiety such as other alkaline or 
alkaline earth metals, and ammonio groups. 
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Comparative EXAMPLE 4 

A solution of 26 mg 2'-succinyltaxol and 20 \i€ of triethylamine in 2 ml of dried THF was prepared under argon gas 
atmosphere, and the solution was cooled to 1°C. A 10 \ii aliquot of isobutylchloroformate was added to the solution, 
s and the reaction mixture was warmed to room temperature in about 15 minutes. Following the warming step, 5 
ethylene glycol were added, and the reaction mixture was stirred at room temperature for 15 hours, with the reaction 
progress monitored by TLC with 1 : 1 dichloromethane/ethyl acetate. The reaction was stopped by filtering the precipitate, 
and evaporating the solvent. Crude products were purified by preparative TLC (1 :3 dichloromethane/ethyl acetate), 
yielding 25 mg (83.3%) of 2'-{[4-((2-hydroxyethyl)oxy)-1,4-dioxobutyl]oxy)taxol: 



10 




A c 0 



OH 



15 



20 



25 



0-(CH 2 ) 2 -OH 



Characterization data are presented in Table 7 and NMR chemical shift data are presented in Table 8 below. 



30 



TABLE 7 



Characterization Data For 2'-{[4-((2-hydroxyethyl)oxy)-1 , 4-dioxobutyI]oxy}taxol 



35 



m.p. 164-165°C 

[ap D -32.5° (0.002, MeOH) 

IR (KBr): 3500, 2950, 1760, 1740, 1660, 1390, 1260, 1160, 1080, 1040 cm" 1 

UV X MeOH max : 279 nm (e 609), 272 nm (e 831 ), 228 nm (e 1 4404) 

MS (FAB): 1020 (MNa+) ( 998 (MH + ) 



40 



45 



50 



55 
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TAB LB 8 



root Data 7 r 
2 '-{ [4- ( (2 -hydroxy tfcyl)oxy)-l, 
4-diox butyl] ory) tax l 

Position 'H Shift (ppn from TMS) "c Shift (ppm from 

TMS) 

Coupling (hertz) 

C-l 797! 

C-2 5.7 (d,7) 75.8 

C-3 3.8 (d,7) 45.8 

C-4 81 

C-5 4.95 (d,9) 84.3 
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C-6 2.56 B 35.6 

C-7 4.43 m 75.8 

C-8 58.2 

C-9 204 

C-10 6.29 s 72.1 

C-ll 132 

C-12 142.3 

C-13 6.23 (t,8) 75.8 

C-14 2.42 B 35.6 

C-15 43.2 

C-16 1*23 S 26.8 

C-17 1.15 S 20.5 

C-18 1.94 s 14.3 

C-19 1.70 s 9.8 

C-20 4.19 (d,8) 72.1 

C-l' 172.2 

C-2' 5.48 (d,3) 74.3 

C-3' 5.97 (dd 3,9) 52.9 

M-H 7.14 (d f 9) 

CHj(OAc) 2.25 s 22.1 

CHj(OAC) 2.45 S 22.8 

Bz 7.4-8.1 m 126.8 

CO(OAc) 168 

CO(OAo) 169.9 

CO(OBZ) 167 

CO(NBz) 167.3 
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C-l* 171 

C-2' 2.65 n 29 

C-3* 2,78 m 29 

C-4* 171 

C-l* 3.7 (t,7) 66.2 

C-2" 4.1 a 61 



Comparative EXAMPLE 5 

To a 10 ml flask, 20 mg taxol, 40 mg of dicyclohexyl-carbodiimide, and 20 mg of N-carbobenzyl-y-aminobutyric acid 
were added. The roactants were dissolved in 4 ml of dry acetonitrile (dry acetonitrile was obtained by passing acetonitrile 
through activated alumina). After stirring the reaction mixture at room temperature for 30 hours, the solution was filtered 
to remove precipitated dicyclohexylurea. The solvent was then removed under Vacuum, and the crude products were 
separated by preparative TLC with 45:55 hexane/ethyl acetate. This yielded 19,1 mg (75.9%) of pure 2*-N-CBZ-y- ami- 
nobutyryltaxol. 

2'-Y-aminobutyryltaxol formate was synthesized by the addition of 6 mg of 2-N-CBZ^-aminobutyryltaxol to 1.5 ml 
of methanol. Upon the dissolution of the CBZ-taxol derivative, 1 ml of formic acid was added to form a 40% formic 
acid/methanol solution. The reaction was carried out by adding 5 mg of 5% of Pd/C to the solution, and stirring it at room 
temperature for 26 hours. The reaction was stopped by filtering off the Pd/C, and drying the filtrate under vacuum. This 
yielded 2'^y-amino-butyryltaxol formate: 




After a few hours, proton NMR and TLC with 2:1:0.02 dichloromethane/ethylacetate/methanol showed that the 
2'-Y-aminobutyryltaxol formate had decomposed back to taxol. 

Comparative EXAMPLE 6 

Taxol's water solubility was determined by dissolving 1 .6 mg of taxol in 1 0 ml of distilled water saturated with 1 -octanol 
in a 60 ml separatory funnel, and 10 ml of 1 -octanol saturated with distilled water was then added. The funnel was 
shaken, and allowed to stand for about 30 minutes until the organic and aqueous phases separated. UV absorption 
measurements at 228 nm were made of the aqueous layer and/or octanol layer, with the octanol layer being diluted 5 
times before measurement. 

Following the same procedure as above, 0.8 mg of 2'-[(3-sutfo-1-oxopropyl)oxy}taxol sodium salt, 0.8 mg of 2'-{[4- 
((2-suifoethyl)amino)-1,4-dioxybutyl]oxy}taxol sodium salt and 0.7 mg of 2 , -{[4-((3-sulfopropyl)-amino)-1,4-dioxybutyl] 
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oxy} taxol sodium salt had their water solubilities determined relative to taxol; the results are presented below in Table 9. 



TABLE 9 



TAXOL DERIVATIVE WATER SOLUBILITIES RELATIVE TO TAXOL 


Compound 


Relative Solubility 


Taxol 

2'-[{3-sulfo-1-oxopropyl)oxy]taxol sodium salt 
2'-{[4-((2-sulfoethyl)amino)-1 ,4-dioxybutyl]oxy}taxol sodium salt 
2'-{[4-((3-sulfopropyl)amino)-1 ,4-dioxybutyl]oxy)taxol sodium salt 


1 

210 
191 
118 



Table 9 indicates that the 2*-acryloyltaxol derivative had the highest water solubility, and is 210 times more water 
soluble than taxol. Note that the taurine 2'-succinyltaxol derivative has a much greater water solubility than the 3-ami- 
/s no-1-sulfopropionic acid derivative of 2'-succinyltaxol; however, both compounds have solubilities more than 100 times 
greater than taxol. The decreased solubility for the 3-amino-1 -suffopropionic acid derivative of 2-succinyltaxol is probably 
due to the increased alkyl chain length. 

EXAMPLE 1 

20 

Although it is readily apparent from Comparative Example 1 above that other members of the acrylic acid family, 
such as but not limited to acrylic acid substituted at the alpha and/or beta position with alkyls, alkenes, aryls, and cyclic 
compounds, additional acrylic acid derivatives of taxol were prepared to conclusively prove that other members of the 
acrylic acid family could be reacted with taxol in an equivalent fashion to acrylic acid. 

25 Taxol (22 mg) in a dried flask, flushed with argon, was treated at 0°C with 1 ml of a solution prepared from dicy- 

clohexylcarbodiimide (DCC, 39.9 mg), trans-cinnamic acid (16.0 mg) and dry acetonitrile (approximately 4.0 ml). A cat- 
alytic amount of dimethylaminopyridine (DMAP) was added, and the reaction monitored by thin layer chromatography. 
After 15 minutes, a second 1 ml portion of the reagent solution was added. After about half an hour, the mixture was 
warmed to 25°C, and allowed to stand for 1 hour. The reaction yielded 10.4 mg of 2Mrans-cinnamoy Itaxol (yield of 

30 approximately 65%), An NMR spectrum of the 2'-trans-cinnamoyl taxol is represented in Figure 2. 

EXAMPLE 2 

Taxol (23 mg) in a dried flask, flushed with argon, was treated at 0°C with 1 ml of a solution prepared from 43 mg 
55 DCC, 1 0.0 mg crotonic acid, and 4 ml dry acetonitrile. A catalytic amount of dimethylaminopyridine (DMAP) was added, 
and the reaction monitored by TLC. After 15 minutes, a second 1 ml portion of the reagent solution was added, and 
after about half an hour, the mixture was warmed to 25 D C, and allowed to sit for 1 hour. Purification and analysis confirmed 
the synthesis of 2'-trans-crotonyl taxol (45% yield). An NMR spectrum of the 2'-trans-crotonyl taxol is represented in 
Figure 3. 

40 Thus, the present invention discloses new taxol derivatives with increased water solubility in comparison to under- 

ivatized taxol, and which are stable for longer periods of time than certain previous derivatives of taxol which had in- 
creased water solubilities. These compounds are produced by new processes that result in high yields of essentially 
pure compounds. Characterization data and NMR studies confirm the structure and properties of the taxol derivatives 
of the present invention. In addition to having high water solubilities and improved stability, these compounds retain their 

45 bioactivity and usefulness as antineoplastic, anti-leu kemic and anti-cancer prodrugs. 

Contemplated equivalents of the water soluble taxol derivatives of the present invention include 2'-acryloyl and 
2'-0-acyl acid derivatives of taxol which have one or more side chain or ring substituents substituted with a non-interfering 
group (e.g., a substituted group which does not seriously alter the desirable properties of the taxol derivatives of the 
present invention), such as but not limited to, substitution of -H, -OH, -OR, -NR, -Ar, or =0 for another non-interfering 

50 moiety. 

From the above teachings, it is apparent thai many modifications and variations of the present invention are possible. 
It is therefore to be understood that the invention may be practiced otherwise than as specifically described. 



55 
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Claims 



Claims for the following Contracting States : DE, GB, FR, IT, NL, SE, DK, CH, LI, BE, AT, LU, MC, PT, IE 

1. Intermediate taxol derivatives having the following general structure: 




C 6 Hy 

wherein: 

X, Y and Z are each selected from the group consisting of H, alky Is and aryls; and when one of Y or Z is H, the 
other is different from X. 

2. An intermediate taxol derivative according to Claim 1 , wherein X is H ( one of groups Y and Z is H, and the other of 
groups Y and Z is methyl or phenyl. 

3. Water soluble derivatives of taxol having the following general structure: 




CWX--CYZ -S0 2 0-H c-q 

I 

wherein: 

W, X, Y, Z are each selected from the group consisting of H, alkyls and aryls; M is selected from the group consisting 
of H, alkaline metals and ammonio groups; and if W or X is H, then CWX is different from CYZ. 

4. A water soluble antineoplastic derivative of taxol according to Claim 3, wherein said derivative has a higher degree 
of water solubility than taxol. 
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Claims for the following Contracting States : GR, ES 

1 . A process for producing taxo! intermediates, the process comprising esterifying taxol with an acid of the acrylic acid 
family, and performing a Michael reaction at the f) vinyl position on the ester formed with a nucleophile to form 
water-soluble derivatives of taxol, the nucleophile being selected from the group consisting of bisulphite ion, and 
sulphite ion, characterised in that said water-soluble derivatives have the following structure: 




C = 0 
I 

Wherein: X t Y and 2 are each selected from the group consisting of H, alkyls and aryls; and when one of Y or Z is 
H, the other is different from X. 

2. A process as claimed in Claim 1 , characterised in that X is H, one of groups Y and Z is H and the other of the groups 
Y and Z is methyl or phenyl. 

3. A process for producing taxol intermediates, the process comprising esterifying taxol with an acid of the acrylic acid 
family, and performing a Michael reaction at the p vinyl position on the ester formed with a nucleophile to form 
water-soluble derivatives of taxol, the nucleophile being selected from the group consisting of bisulphite ion, and 
sulphite ion, characterised in that said water-soluble derivatives have the following structure: 




C 6 H 5 

Wherein W, X, Y and Z are each selected from the group consisting of H, alkyls and aryls; M is selected from the 
group consisting of H, alkaline metals and ammonio groups; and if W or X is H then CWX is different from CYZ. 

4. A process as claimed in Claim 3, characterised in that said derivative possesses antineoplastic activity and has a 
higher degree of water solubility than taxol. 
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PatentansprGche 

PatentansprGche fur folgende Vertrageetaaten : DE, GB, FR, IT, NL, SE, DK, CH t LI, BE, AT, LU, MC, PT, IE 

1 . Taxol-Zwischenderivate mit der folgenden allgemeinen Struktur: 




•C 6 H5- 

worin: 

X, Y und 2 jeweils ausgewahlt sind aus der Gruppe, bestehend aus H, Alkylen und Arylen; und wenn eines von Y 
oder Z = H, dann unterscheidet sich das andere von X. 

2. Taxol-Zwischenderlvat nach Anspruch 1 , worin X = H, eine der Gruppen Y und Z = H und die andere der Gruppen 
Y und Z = Methyl oder Phenyl. 

3. Wasserlosliche Taxolderivate mit der folgenden allgemeinen Struktur: 




QHj- 

worin: 

W, X, Y und Z jeweils ausgewahlt sind aus der Gruppe, bestehend aus H, Alkylen und Arylen; M ausgewahlt ist aus 
der Gruppe, bestehend aus H, alkalische Metal le und Ammoniumgruppen; und wenn W oder X = H, dann ist CWX 
unterschiedlich von CYZ. 

4. Wasserlosliches Taxol-Antikrebsderivat nach Anspruch 3, bei welchem das Derivat einen hoheren Grad der Was- 
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serldslichkeit hat als Taxol. 



Patentanspruche fur folgende Vertragsstaaten : GR, ES 

5 

1 . Verfahren zur Herstellung von Taxol-Zwischenprodukten, wobei das Verfahren aus einer Veresterung von Taxol mit 
einer Saure der Acrylsaurefamilie besteht, und der Durchfuhrung einer Michael-Reaktion an der p Vinylposition bei 
dem mit einem Nucleophil gebildeten Ester zur Ausbildung von wasserloslichen Taxol-Derivaten, wobei das Nucleo- 
phil ausgewahlt wird aus der Gruppe, bestehend aus einem Btsulphition und einem Sulphition, dadurch gekenn- 
io zeichnet, dafJ die wasserloslichen Derivate die folgende Struktur haben: 



15 



20 




25 c-o 

I 

worin: 

30 x, Y und Z jeweils ausgewahlt sind aus der Gruppe, bestehend aus H, Alkylen und Arylen; und wenn eines von Y 

oder Z = H, dann unterscheidet sich das andere von X. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dafi X = H, eine der Gruppen Y und Z = H und die andere 
der Gruppen Y und Z = Methyl oder Phenyl. 

35 

3. Verfahren zur Herstellung von Taxol-Zwischenprodukten, wobei das Verfahren aus einer Veresterung von Taxol mit 
einer Saure der Acrylsaurefamilie besteht und der Durchfuhrung einer Michael-Reaktion an der p-Viny [position bei 
dem mit einem Nucleophil gebildeten Ester zur Ausbildung von wasserloslichen Taxol-Derivaten, wobei das Nucleo- 
phil ausgewahlt ist aus der Gruppe, bestehend aus einem Bisulphition und einem Sulphition, dadurch gekennzeich- 

40 net, da& die wasserloslichen Derivate die folgende Struktur haben; 
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so 
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worin: 

W, X, Y und Z jeweils ausgewahlt sind aus der Gruppe, bestehend aus H, Alky I en und Arylen; M ausgewahlt ist aus 
der Gruppe, bestehend aus M, atkalischen Metallen und Ammoniumgruppen; und wenn W Oder X = H, dann ist 
CWX unterschiedlich von CYZ. 

4. Veriahren nach Anspruch 3, dadurch gekennzeichnet, daft das Derivat eine Antikrebs-Aktivitat aufweist und einen 
hdheren Qrad an Wasserloslichkeit hat als TaxoL 



Revendications 



Revendications pour les Etats contractants suivants : DE, GB, FR, IT, NL, SE t DK, CH, LI, BE, AT, LU, MC, PT, IE 

1 . Derives intermddiaires de taxol ayant la structure gdnerale suivante : 




CX-CYZ i 

c = o 
I 

dans laquelle : 

X, Y et Z sont chacun choisis a partir du groupe consistant dans H, les alkyles et les aryles ; et lorsque Tun de Y 
ou de Z est H, I'autre est different de X. 

2. Deriv6 intermediaire de taxol selon la revendication 1 , dans lequel X est H, Tun des groupes Y et Z est H, et I'autre 
des groupes Y et Z est un methyle ou un phenyle. 

3. Derives solubles a I'eau de taxol ayant la structure generate suivante : 
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worirv. 

W, X, Y und Z jeweils ausgewahft sind aus dor Gruppe, bestehond aus H, Alkylen und Arylen; M ausgewahlt ist aus 
der Gruppe, bestehend aus H, alkalischen Metallen und Ammoniumgruppen; und wenn W Oder X = H, dann ist 
CWX unterschiedlich von CYZ. 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daQ das Derivat eine Antikrebs-Aktivitat aufweist und einen 
hdheren Grad an Wasserloslichkeit hat als TaxoL 



Revendicatlons 



Revendications pour les Etats contractants suivants : DE, GB, FR, IT, NL, SE, DK, CH, LI, BE, AT, LU, MC, PT, IE 

1 . Derives interm6diaires de taxol ayant la structure generale suivante : 




I 

dans laquelle : 

X, Y et Z sont chacun choists a partir du groupe consistant dans H, les alkyles et les aryles ; et Eorsque I'un de Y 
ou de Z est H, I'autre est different de X. 

2. D6riv6 interm6diaire de taxol selon la revendication 1 , dans lequel X est H, Tun des groupes Y et Z est H, et I'autre 
des groupes Y et Z est un mdthyle ou un ph6nyle. 

3. D6riv6s solubles a I'eau de taxol ayant la structure g6n6rale suivante : 
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15 




I 



dans laquelle : 

20 w, X t Y, 2 sont chacun choisis parmi le groups consistant dans H, les alkyles et les aryles ; M est sSiectionne a 

partir du groupe consistant dans H, les m6taux alcalins et les groupes amnoniaques ; et si Wou X est H, alors CWX 
est different de CYZ. 

4. Derive* de taxol soluble a I'eau et antineoplastique selon la revendication 3, dans iequel ledit d6riv6 a un plus grand 
2S degre de solubility a I'eau que le taxol. 



Revendlcatlons pour les Etats contractants suivants : GR, ES 

30 1. ProcSde* de production de produits derives du taxol, le proc^de" comprenant I'esterification du taxol avec un acide 
de la famille de I'acide acrylique, et la realisation d'une reaction de Michael a la position (i vinyle sur Tester forme* 
avec un nucleophile pour former des derives solubles a I'eau du taxol, le nucteophile dtant selectionne a partir du 
groupe consistant dans Hon bisulfite, et I'ion sulfite, caracterise* en ce que lesdits derives solubles a I'eau ont la 
structure suivante : 



40 



45 



so 




dans laquelle : X, Y et 2 sont chacun choisis a partir du groupe consistant dans H, les alkyles et les aryles ; et 
lorsque i'un de Y ou 2 est H, I'autre est different de X. 

55 2. Procede selon la revendication 1 , caract6rise en ce que X est H, Tun des groupes Y et Z est H et I'autre des groupes 
Y et 2 est un methyle ou un ph6nyle. 

3. Procdde de production de produits d6riv6s du taxol, le precede* comprenant Test 6 r if (cation du taxol avec un acide 
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de la famille de i'acide acrylique, et la realisation d'une reaction de Michael a la position p vinyle sur fester forme 
avec un nucleophile pour former des derives solubles a I'eau du taxol, le nucleophile dtant choisi a partir du groupe 
consistant dans I'ion bisulfite, et I'ion sulfite, caracterisd en ce que lesdits derives solubles a i'eau ont la structure 
suivante : 




I 



dans laquelle W, X, Y et Z sont chacun choisis a partir du groupe consistant dans H, les alkyles et les aryles ; M 
est selectionne a partir du groupe consistant dans H, les m£taux alcalins et les groupes ammoniaqu6s ; et si W ou 
X est H alors CWX est different de CYZ. 

Proc6dd selon la revendication 3, caract6ris6 en ce que ledit d6riv6 possdde une activity antin6oplastique et a un 
de'grS de solubility a I'eau plus grand que le taxol. 
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Lf) where R is CX = CYZ, 
q wherein: 

X, Y and Z are each selected from the group consisting of H, alkyls and aryls; and when one of Y or Z is H, the 
ftj other is different from X; 

or R is CWX-CYZ-S0 2 0-M, 
wherein: 

W, X, Y, Z are each selected from the group consisting of H, alkyls and aryls; M is selected from the group 
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consisting of H, alkaline metals and ammonio groups; and 

if W or X is H, then CWX is different from CYZ, are synthesized which have improved water solubility and 
stability while maintaining bio-activity. In particular, 2'-[(3-sulfo-1-oxppropyl)oxy]taxol sodium salt is synthesized 
by reacting taxol with acrylic acid, and subsequently reacting the 2'-acryloyltaxol with bisulfite in a Michael 
reaction. 2'-{[4-((2-sulfoethyl)amino)-1 ,4-dioxobutyl]oxy}taxol sodium salt and 2'-{[4-((3-sulfopropyl)amino)1,4- 
dioxobutyl]oxy}taxol sodium salt are synthesized by reacting 2 , -succinyltaxol with the tetrabutylammonium salts 
of taurine and 3-aminopropyl sulfonic acid, respectively, and subsequently exchanging the ammonium with 
sodium. 
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FIELD OF THE INVENTION 

The present invention relates to water soluble derivatives of taxol with anti-neoplastic activity, and 
relates more particularly to sulfonated 2'-acryioyltaxol derivatives, 2'-sulfoalkylamino-0-acyl acid taxol 
5 derivatives, and 2'-ethylene glycol-O-acyl acid taxol derivatives. 

BACKGROUND OF THE INVENTION 

Taxol is a naturally occurring diterpenoid which has great potential as an anti-cancer drug, and which 
10 has shown activity in several tumor systems. Taxol was first isolated and its structure reported by Want, et 
aL, in "Plant Anti-Tumor Agents. VI. The Isolation And Structure Of Taxol, A Novel Anti-Leukemic And Anti- 
Tumor Agent From Taxus brevifolia," J. Am. Chem. Soc , 1971, 93, 2325. Taxol is found in the stem bark of 
the Western Yew, Taxus brevifolia, as well as in T. baccata and T. cuspidata . 

The biological activity of taxol is related to its effect on cell division. Taxol promotes formation of the 
15 microtubules forming the. mitotic spindle during cell division. However, taxol prevents depolymerization of 
the tubulin forming the microtubules of the mitotic spindle, which is essential for cell division to take place. 
Thus, taxol causes cell division to stop. Taxol's mechanism is unique since it promotes the formation of 
tubulin polymers, whereas other anti-cancer drugs, such as vinblastine and colchicine, prevent microtubule 
formation. 

20 Extensive testing of taxol has not been performed because taxol is in short supply and has not yet been 
successfully synthesized. Preliminary studies have shown that taxol may have marginal activity in acute 
leukemia and melanoma, and some activity has been noted in other tumors. Further, studies by McGuire et 
aL found taxol to be an active agent against drug-refractory ovarian cancer. See "Taxol: A Unique 
Antineoplastic Agent with Significant Activity In Advanced Ovarian Epithelial Neoplasms," Ann. Int. Med. t 

25 1989, 111, 273-279, herein incorporated by reference. However, due to the low water solubility of taxol, 
doses had to be delivered as infusions diluted in aqueous dextrose solutions. 

It should be noted that in phase 1 clinical trials, taxol itself did not show excessive toxic effects, but 
severe allergic reactions were caused by the emulsifiers administered in conjunction with taxol to 
compensate for taxol's low water solubility. In fact, at least one patient's death was caused by an allergic 

30 reaction induced by the emulsifiers. Therefore, researchers have attempted to create water soluble 
derivatives of taxol which retain their anti-neoplastic and anti-cancer activity. 

With reference to Figure 1, the structure of taxol is illustrated along with a 1 H nuclear magnetic 
resonance (NMR) spectrum of a taxol sample. The NMR signals are well separated and cover the region 
from 1.0 to 8.2 ppm. For simplicity, the spectrum is divided into three regions: a first region between 1.0 

35 and 2.5 ppm formed by strong 3-proton signals of the methyl and acetate groups as well as complex 
multiplets caused by certain methylene groups; a second region between 2.5 and 7.0 ppm represents the 
signals observed from most of the protons on the taxane skeleton and the side chain; a third region 
between 7.0 and 8.2 ppm is formed by the signals from the aromatic protons of the C-2 benzoate, C-3* 
phenyl and C-3* benzamide groups. The peaks of the NMR spectrum in Figure 1 are labeled according to 

40 the number of the carbon in the taxol structure to which the protons inducing the signals are attached. 

Magri and Kingston reported on the biological activity of taxols substituted at the C-2' and C-7 positions 
in order to make them more water soluble. See "Modified Taxols, 4. 1 Synthesis And Biological Activity Of 
Taxois Modified In The Side Chain," Journal of Natural Products vol. 51, no. 2 pp. 298-306, Mar-April 1988, 
herein incorporated by reference. A 2'-(t-butyldimethylsifyl) taxol was synthesized and found to be 

45 essentially inactive; this was taken as an indication of the need for a free hydroxyl group at the 2* position 
of the taxol side chain for biological activity. Further, acyl substituents at the 2' position in 2'-acetyltaxol and 
2\7-diacetyltaxol were readily hydrolyzed under in vivo conditions, and both showed activity in a cell culture 
bioassay. The lability of the acyl substituents at the 2' position suggested that 2'-acetyltaxols could serve as 
prodrug forms of taxol. (Generally, a prodrug is a compound which exhibits pharmacologic activity after 

so biotransformation.) 

Magri and Kingston reported that two taxols with increased water solubility were prepared, 2'-(0-alanyl)- 
taxol: 

55 
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and 2 , -succinyltaxol: 



25 



30 




35 

The 2'-(0-alanyl)taxol was found to be active in vivo and in vitro, but was unstable. The 2'-succinyltaxol, 
prepared by the treatment of taxol with succinic anhydride, had a much diminished P-388 in vivo activity as 
compared with taxol. Thus, research efforts were concentrated on other derivatives of taxol which did not 
suffer from instability, or inactivity in vivo or in vitro. 

40 Deutsch et al., in "Synthesis of Congeners And Prodrugs. 3. 1 Water-Soluble Prodrugs Of Taxol with 
Potent Antitumor Activity," J. Med. Chem. 1989, 32 788-792, herein incorporated by reference, reported that 
salts of 2*-succinyltaxol and 2'-glutaryltaxol had improved antitumor activities when compared to the free 
acids. Since these researchers believed that salts prepared with different counterions often have substan- 
tially different properties, a variety of 2' substituted taxol salts were synthesized and tested. Triethanoiamine 

45 and N-methylglucamine salts of the 2' substituted taxol derivatives showed greatly improved aqueous 
solubility and had more activity than sodium salts. Further, a series of 2'-glutaryltaxol salts were found to 
have higher activity than their 2'-succinyltaxol analogs. In particular, the taxol salt resulting from the 
coupling of 2*-glutaryltaxol with 3-(dimethylamino)-1 -propylamine using N, N'-carbonyldiimidazole (CDI), 
demonstrated good solubility and bioactivity. 

so In addition to increasing the solubility and bioactivity of taxol, it is desirable that the taxol derivatives 
formed have increased stability to prolong their shelf life. It is believed that salts of taxol esters are very 
susceptible to base hydrolysis, and water-solubilizing groups, such as carboxylate salts or amine salts, tend 
to be basic. Thus, it is desired that neutral, water-soluble taxol derivatives be synthesized which also have 
improved or the equivalent activity to taxol. Organic sulfonate salts tend to be neutral or only slightly basic, 

55 and therefore, sulfonate salts of taxol esters should have improved stability. Further, due to the difficulties 
involved in synthesizing carboxylic and amine salts of taxol esters, it is desirable to find less expensive 
water-soluble taxol derivatives and processes for forming them. 
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SUMMARY OF THE INVENTION 

The present invention relates to the production of water soluble taxol derivatives, and water soluble 
sulfonate salts of taxol. In a preferred embodiment, 2'-[(3-suIfo-1-oxopropyl)-oxy] taxol sodium salt is formed 

5 by reacting taxol with acrylic acid to form 2'-acryloyltaxol; the 2'-acryloyltaxol is then subjected to a Michael 
reaction with sodium bisulfite to form the 2 , -sulfoethyl ester salt of taxol. Other members of the acrylic acid 
family, such as but not limited to cinnamic acid, crotonic acid, and other alkyl and/or aryl alpha and/or beta 
substituted acrylic acids, are also reacted with taxol to form 2'-acryloyl taxol derivatives. In another 
preferred embodiment, 2 , -0-acyl acid taxols, such as 2'-succinyltaxol and 2'-glutaryltaxol, are subjected to a 

io novel reaction with the tetrabutylammonium salt of taurine to form sulfoalkylamine salts of the 2'-0-acyl acid 
taxols. Another preferred embodiment involves the reaction of amino sulfonic acid salts with succinic or 
glutaric anhydride, and reaction of the product with taxol to form sulfoalkylamine 2'-0-acyl acid taxol 
derivatives. In a further embodiment, ethylene glycol derivatives of 2'-0-acyl acid taxols are formed. These 
compounds exhibit high water solubility, and demonstrate anti-leukemic, antineoplastic, and/or anti-cancer 

is activity. 

Thus, ' it is a primary object of this invention to produce water-soluble derivatives of taxol with high 
bioactivity and stability. 

It is a further object of the present invention to provide a simple and inexpensive process for forming 2'- 
acryloyltaxols and their sulfonate salt derivatives. 
20 It is yet another object of the present invention to produce 2'-0-acyl acid taxols and their sulfoal- 
kylamine salts. 

It is a still further object of the present invention to produce sulfoalkylamine derivatives of 2'-0-acyl acid 
taxols by simple and inexpensive processes. 

It is yet a further object of the present invention to produce hydroxyalkoxy derivatives of 2'-0-acyl acid 
25 taxol. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a representation of the taxol structure and its nuclear magnetic resonance, NMR, spectrum 
30 with peaks labeled according to the part of the taxol structure to which they correspond. 
Figure 2 is a NMR spectrum of 2'-0-cinnamoyltaxol (2 , -cinnamoyl taxol). 
Figure 3 is a NMR spectrum of 2'-0-crotonyl taxol (2 , -crotonyl taxol). 
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DETAILED DESCRIPTION OF THE INVENTION 

Taxol was obtained from the National Cancer Institute. 'H-NMR and 13 C-NMR spectra were made with a 
Bruker 270SY 270 MHz spectrometer; 2D-NMR were obtained using a Bruker WP200 200 MHz spectrom- 
eter. Chemical shifts are all recorded in parts per million (ppm) downfield from TMS in ^-NMR, and 13 C- 
NMR chemical shifts are based on chloroform's shift at 77.0 ppm or on the TMS shift at 0 ppm. Samples 
were generally recorded while in CDCb or CD 3 OD at ambient temperature. Mass spectra were obtained 
using a Finnegan-MAT 112 gas chromatograph-mass spectrometer and VG 7070 HF mass spectrometer 
equipped with data system, FAB source, and EI/CI source. NMR and mass spectroscopy data are most 
useful in studying taxol and its derivatives, with other methods, such as IR and UV, providing additional 
structure confirmation information. 

Other analytical instruments used included Perkin-Elmer 71 0B infrared and Perkin-Elmer 330 UV-visible 
spectrophotometers, and a Perkin-Elmer polarimeter. HPLC was carried out on an apparatus consisting of a 
Waters M6000 pump, a Rheodyne injection valve, a Waters Radial-Pak RLM-100 RP-8 column, and a 
Waters 440 UV detector. 



so 2*-ACRYLOYLTAXOLS 



2 f -acryloyltaxols were prepared by reacting taxol with various members of the acrylic acid family. 2'-[(3- 
sulfo-1-oxopropyl)oxy]taxol sodium salt was prepared by coupling taxol with acrylic acid followed by 
Michael addition of bisulfite ion. Taxol was reacted with the acrylic acid using isobutylchloroformate as the 
55 coupling agent. This produced 2*-acryloyltaxol in 94% yield after purification via flash chromatography 
(silica gel, 1/1 dichloromethane/ethyl acetate). Using TLC t the coupling of acrylic acid to taxol was found to 
be 90% complete in 15 hours at 60 'C. The disubstituted C-2\ C-7 product was not formed after extended 
reaction times. Proton NMR spectra of the 2'-acryloyltaxol showed that the signal for the C-2' proton was 
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shifted downfield to 5.46 ppm (d, j = 3), from the 4.73 ppm shift for the C-2' proton in unsubstituted taxol. 
The downfield shift is consistent with acyiation of the C-2' hydroxyl group. Since the signal for the C-7 
proton at 4.43 ppm was essentially unchanged when compared with the unsubstituted taxol C-7 proton 
signal at 4.38 ppm, it was concluded that no reaction had taken place at the C-7 position. Mass 
5 spectroscopy indicated a molecular weight of 907 with peaks at m/z 930 (MNa*) and 908 (MH + ). 

The 2'-acryloyltaxol was then reacted with sodium bisulfite in a Michael addition reaction. Sodium 
bisulfite was used because it is a good nucleophile, and because it provides suitable pH conditions for the 
reaction. Proton NMR spectra of the Michael addition reaction product were contrasted with the spectra of 
the 2'-acryloyltaxol. The signals in the NMR spectra of the 2'-acryloyltaxol that are due to the presence of 

10 the vinyl protons were not present in the spectra of the Michael addition product. However, two triplets at 
3.14 ppm and 2.93 ppm indicated the presence of the two new methylene groups in the Michael addition 
product. Mass spectroscopy of the Michael reaction product indicated a molecular weight of 1011 with 
peaks present at m/z 1034 (MNa + ) and 1012 (MhT). 

The formation of 2'-[(3-suifo-1-oxopropyl)oxy]taxol sodium salt was attempted in a one-step reaction by 

75 combining taxol with 3-hydroxy-3-oxopropyl sulfonic acid in the presence of pyridine and DCC 
(dicyclohexylcar-bodiimide), but no product was obtained. This is possibly due to inter-molecular attack by 
the sulfonyl group on the reaction intermediate. 

Cinnamic acid (phenyl acrylic acid) was coupled to the 2' position of taxol with dicylcohexylcar- 
bodiimide in the presence of 4-dimethylaminopyridine (note that mild basic conditions were used to avoid 

20 substitution of other positions on the taxol structure and to avoid possible side reactions). With reference to 
Figure 2, the NMR spectrum of the resulting 2'-0-cinnamoyltaxol is represented, and shows that the 
compound was formed in high yield and purity. It is noted that other alpha and/or beta aryl substituted or 
cyclic hydrocarbon substituted acrylic acids can be reacted with taxol to form 2 --acryoyl derivatives. 

Crotonic acid (methyl acrylic acid) was coupled to taxol by the use of dicyclohexylcarbodiimide in the 

25 presence of 4-dimethylaminopyridine. With reference to Figure 3, the proton NMR spectrum of 2'-0- 
crontonyl taxol is represented, which confirms the synthesis of 2*-0-crontonyl taxol in high yield and purity. 
Note that acrylic acid substituted at the alpha and/or beta position with other alkyls or alkenes can be 
reacted with taxol to form 2'-acryloyl derivatives, provided the alkyl and/or alkenyl groups do not interfere in 
the reaction or the water solubility of the resulting compounds (obviously longer chain hydrocarbons may 

30 serve to lower the water solubility of the resulting compound). 

2'-0-ACYL ACID TAXOL DERIVATIVES 

2 , -{[4-((2-sulfoethyl)amino)-1 ,4-dioxobutyl]oxy}taxol sodium salt and 2'-{[4-((3-sulfopropyl)amino-1 ,4- 

35 dioxobutyl]oxy}taxol sodium salt were produced in high yield by coupling 2*-succinyltaxol with taurine (2- 
amino-ethyl sulfonic acid) and 3-aminopropyl sulfonic acid tetrabutylammonium salts, respectively. Note that 
other quaternary ammonium salts may be used to make the amino-alkyl sulfonic acids organic solvent 
soluble. 2'-succinyl-taxol was formed by the reaction of succinic anhydride with taxol for two hours at room 
temperature in pyridine or DMP. In comparison with the NMR spectrum of taxol, the NMR spectrum of 2*- 

40 succinyltaxol showed a downfield shift of the C-2* proton signal to 5.51 ppm, and the succinyl proton 
caused multiplets centered about 2.6 ppm. 

The 2'-succinyltaxol was then reacted with taurine tetrabutylammonium salt using isobutylchloroformate 
as the coupling agent. 2 , -{[4-((2-sulfoethyl)amino)-1,4-dioxobutyl]-oxy}taxol tetrabutylammonium salt was 
produced in 100% yield after isolation via flash chromatography on silica gei using 7/1 

45 dtchloromethane/methanol. The reaction was only 80% complete in two hours as monitored by TLC; in 
order to obtain 100% yield, extended reaction times were necessary. The NMR spectrum of the sulfoal- 
kylamine derivative of 2'-succinyltaxol showed new peaks at 3.6 ppm and 2.94 ppm for the two methylene 
groups. The sodium salt of 2 , -{[4-((2-sulfoethyl)amino)-1 f 4-dioxobutyl]oxy}taxol was achieved by running 2'- 
{[4-((2-sulfo-ethyl)amino)-1,4-dioxobutyl]oxy}taxol tetrabutylammonium salt through a Dowex 50 ion ex- 

so change column (Na* form). An NMR spectrum of the sodium salt showed the absence of signals for the 
tetrabutyl group. Mass spectroscopy of the sodium salt indicated a molecular weight of 1082 by the 
presence of peaks at m/z 1105 (MNa*) and 1083 (MH*). 2 , -{[4-((3-sulfopropyl)amino)-1,4-dioxobutyl]- 
oxy}taxol sodium salt was prepared by the same method used for the suJfoethyl-aminotaxol sodium salt; 
however, the taurine was replaced with 3-amino-1-sulfopropionic acid tetrabutylammonium salt. An NMR 

55 spectrum confirmed the synthesis of the 3-sulfopropylamino derivative; new peaks were present at 3.28, 
1.98, and 2.87 ppm, representing the three additional methylene groups forming the propyl moiety. The 
sodium salt form of the sulfopropylamino-succinyltaxol derivative was formed by passing the tetrabutylam- ■ 
monium salt through a Dowex 50 ion exchange column (Na form). Mass spectroscopy of the sodium salt 
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of the sulfopropylamino-succinyltaxol derivative indicated a molecular weight of 1096 by the presence of 

peaks at m/z 1119 (MNa*) and 1097 (MH*). 

It is also contemplated that an amide linkage can be formed between an amino sulfonic acid and an 

anhydride or diacid, and that the product can be reacted with taxol to form water soluble 2'-0-acyl acid 
5 taxol derivatives. Preferably, the amino sulfonic acid is an organic solvent soluble salt. 

Attempts to . form 2*-{[4-((2-sulfoethyl)amino)-1 ( 4-dioxobutyl]oxy}taxol sodium salt directly from 2*- 

succinyltaxol in a one-step reaction were unsuccessful. 2'-succinyltaxol was combined with triethanolamine, 

isobutylchloroformate, tetrahydrofuran (THF), taurine, DMF, and water. However, water, necessary to 

solubilize taurine, hydrolyzed the mixed anhydride intermediate back to the starting material. When 
w nonaqueous conditions were tried, the reaction still did not succeed because the taurine did not dissolve in 

the organic solvents. 

2'-{[4-((2-ethanethiol)amino)-1,4-dioxobutyl]oxy}taxol was prepared in low yield by combining 2'-suc- 
cinyltaxol with triethylamine, isobutylchloroformate, THF, 2-thioethylamine and dichioromethane. Attempts to 
oxidize the thiol to the desired sulfonic acid with meta-chloroperbenzoic acid, MCPBA, and dichioromethane 
75 did not yield appreciable amounts of the desired sulfoalkylamine succinyltaxol derivative. 

ETHYLENE GLYCOL DERIVATIVES OF SUCCINYLTAjtOL 

2'-{[4-((hydroxylethyl)oxy)-1,4^dioxobutyi]oxy}taxolwas prepared by coupling succinyltaxol with ethylene 
20 glycol. The hydroxyethyloxysuccinyltaxol derivative was formed in 83% yield after a reaction time of 20 
hours at room temperature. The hydroxyethyloxysuccinyltaxol derivative was made in order to convert the 
secondary hydroxyl group at the 2' position in taxol to a primary hydroxyl group; it is hypothesized that the 
hydroxyl group in the product is more reactive than that of the hydroxyl in taxol, and that this will make it 
possible to make other taxol derivatives under mild conditions. An NMR spectrum of the ethylene glycol 
25 derivative showed the presence of new peaks at 3.7 ppm and 4.1 ppm, which are assigned to the two new 
methylene groups of the hydroxyethyloxy derivative. Mass spectroscopy indicated a molecular weight of 
997 by the presence of peaks at m/z 1020 (MNa*) and 998 (MH*). 

2'- T -AMINOBUTYRYLTAXOL FORMATE 

30 

2 , ~7-aminobutyryltaxol formate was synthesized by coupling taxol with N-carbobenzyloxy(CBZ)-7* 
aminobutyric acid followed by deprotection of the amine. Taxol was reacted with N-CBZ-7- aminobutyric 
acid using dicyclohexyl-carbodiimide (DCC) as the coupling agent. The resulting 2'-NCBZ--y-aminobutyryl 
taxol was produced in 75% yield after purification via preparative TLC with silica gel and 3/2 hexane/ethyl 

35 acetate. DCC decomposes to dicyclo-hexylurea with the addition of water, so the excess reagents used to 
drive the reaction did not present a problem; most of the dicyclohexylurea and N-CBZ-7-amino-butyric acid 
were removed by filtration. Deprotection of the 2 , -N-CBZ-7-aminobutyryltaxol was effected using 5% Pd/C 
as a catalyst and formic acid as a hydrogen source. Formic acid provides an active form of hydrogen for 
removal of CBZ protecting groups, and the reaction yields the 2'-7-aminobutyryltaxol derivative as a formate 

40 salt, which is more water soluble than the neutral form. NMR confirmed the synthesis of the 2 , -y- 
aminobutyryl taxol formate. However, the compound was unstable in methanol solution and decomposed 
back to taxol after a few hours. This instability precluded further consideration of 2 , -7-amino-butyryltaxol 
formate as a prodrug form of taxol. 

45 WATER SOLUBILITY 

Water solubilities for all compounds were determined by the partition coefficient between 1 -octanol and 
water. Octanol saturated with distilled water and distilled water saturated with octanol were used for the 
solubility determinations. Partition experiment results showed that 2 , -[(3-sulfo-1-oxopropyl)oxy]taxol sodium 
so salt is 210 times more water soluble than taxol, 2'-{[4-((2-sulfoethyl) amino)-1,4-dioxobutyl]oxy} taxol 
sodium salt is 191 times more soluble than taxol, and 2 , -{[4-((3-sulfopropyl)amino)-1,4-dioxobutyl)oxy}taxol 
sodium salt is 118 times more water soluble than taxol. 

EXAMPLES 

55 

The following nonlimiting examples provide specific synthesis methods for preparing the water soluble 
taxol derivatives of the present invention. All technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art. Other methods and materials similar or 
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equivalent to those described herein can be used in the practice or testing of the present invention. 
EXAMPLE 1 

Triethvlamine 50 ul and acrylic acid 30 ul were dissolved in 5 ml dry THF in a 25 ml round-bottom 
t.ask S T argon gas atmosphere. After cooling the solution to O'C in an ,cebath, 50 u^of 
lobut^lchbroformal were added, and the reaction mixture was warmed to room temperature over a 15- 
isoDutyicnioroTormdi .... of tax0 | were ad ded to the reaction mixture, and the solution was 

Trad r™ is" s. TndToTtolT TLC with dichloromethane/ethy, acetate (2/1). Triethy.amine 
hvdTochtride precipitated during the reaction, and was removed by filtration. The solvent was then 
removed ™ ! vS and the product was purified via flash chromatography us.ng silica gel and 1/1 
dichloromelhi^eTilhyl acetate. This yielded 1 00 mg (94%) of 2'-acry loy Itaxol: 




The acrvlovl moiety on the 2'-acryloyltaxol is a good Michael acceptor due to the electrophilic alkene 

1 m°of distiiled water. The two solutions were mixed together, and the reaction mixture stirred la : W -C ^for 
about 15 hours TLC with 10/1 dichloromethane/methanol was used to monitor the react,on The solvents 
wer^hen removed under vacuum, and water was removed by aze otro ping w, h acetonitrile. Rash 
40 Tomatography with 2/1 dich.oromethane/isopropano. was used to purify the product. A y.eld of 83.5 mg 
(83.5%) of ^-[(S-sulfo-l-oxopropyDoxyJtaxol sodium salt resulted: 



45 



50 



55 
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0 

C5H5C NH 

: 0 

r 

C = 0 
I 

CH 2 
I 

CH 2 
I 

S020Na 



NMR, MS, UV, and IR (KBr) were performed on samples of the product, and optical rotation, and melting 
point were determined, with the characterization data and NMR data presented in Tables 1 and 2 below. 

TABLE 1 



Characterization Data For 2'-[(3-sulfo-1-oxopropyl)oxy]taxol sodium salt 


m.p. 

IR (KBr): 
UV \ MeOH rnax - 

MS (FAB): 


175-1 76 *C 

-30 -(0.001 2, MeOH) 

3500, 2950, 1760, 1730, 1660, 1380, 1250, 1190, 1100, 800 cm' 1 
279 rim ( € 579), 270 nm (e 869), 228 nm ( 6 15072) 
1034 (MNa*), 1012 (MH*) 



TABLE 2 



NMS Data Tor 
2 [ (3-sulf o-l-oxopropyl) oxy] 
taxol sodium salt 

'H Shift (ppm from TMS) 13 c Shift (ppm from 
Coupling (hertz) 




Position 
TMS) 
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C-2 


6.2 (d,7) 


75 


C-3 


3.82 (d,7) 


45.8 


30 






C-4 




80.5 


C-5 


5.0 (d,9) 


84 


C-6 


2.48 m 


35.2 


C-7 


4.35 m 


76 


C-8 




57.9 


C-9 




203.8 


C-10 


6.45 s 


70.8 


C-ll 




131 


C-12 




141 


C-13 


6.09 (t,8) 


75.4 


C-14 


2.48 m 


35.8 


C-15 




43 


C-16 


1.15 s 


25.9 


C-17 


1.17 s 


19.8 


C-18 


1.95 S 


13.8 


C-19 


1.67 S 


9.4 


C-20 


4.21 s 


70.8 


C-l' 




171 


C-2' 


5.45 (d,3) 


74 


C-3' 


5.84 (d,7) 


53.1 


N-H 


7.26 (t,9) 




CHj(OAc) 


2.2 S 


21 


CH 3 (0AC) 


2.4 S 


21.9 
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5 



BZ 7.4-8.1 m 126.8-138.1 

CO(OAC) 168.4 

CO(OAC) 169.9 

C0(0B2) 166.2 

CO(NBz) 168.2 

C-l* 170.2 

C-2* 2.93 (t 8) 29.2 

75 C-3 # 3.14 (t 8) 63.2 



70 



* under CHC1, signal 

20 



Note that it is anticipated that the acrylic acid used may be replaced with other members of the acrylic 
25 acid family which are also good Michael acceptors, and that the salt-forming moiety may be another 
alkaline metal, or an ammonio group, such as a tetrabutylammonium group. It is also envisioned that the 
salt forming moiety may be replaced with H. Biological testing of 2'-[(3-sulfo-1- oxopropyl)oxy]taxol sodium 
salt demonstrated that the compound is bioactive in addition to having improved water solubility. 

30 EXAMPLE 2 

A 206 mg quantity of taxol was combined with 2.9 mg of 4-dimethylaminopyridine (DMAP) and 49 mg 
of succinic anhydride in a 25 ml flask equipped with a magnetic stirrer. A 2.0 ml quantity of dry pyridine 
was added, and the solution was stirred at room temperature for 2.5 hours. Several milliters of water were 

35 then added to produce a white precipitate in an opaque suspension. Several milliters of dichloromethane 
were then added to extract the products. Addition of 1 ml of concentrated HCI caused the white aqueous 
suspension to disappear. Sodium sulphate was used to dry the dichloromethane layer, which was then 
filtered and evaporated. TLC with 7/1 ChfeCb/MeOH indicated only a trace of pyridine remaining. The 
remaining pyridine was removed by the cyclical addition of heptane followed by evaporation; this yielded 

40 218 mg of succinyltaxol, representing a 96.6% yield. Proton NMR of the product matched values given in 
the literature. The structure was also confirmed using 2D-NMR HOMO COSY (homonuclear correlation 
spectroscopy). 

Taurine, H2NCH 2 CH2S03n, is a highly polar compound which is essentially insoluble in organic 
solvents such as chloroform. Taurine derivatives of organic acids have been made in the past by treating 

45 the acid chloride with taurine under Schotten-Baumann conditions (i.e., in basic aqueous or aqueous- 
ethanolic solution). This method was unacceptable for taxol because it is readily hydrolyzed in base, and 
would thus decompose under the reaction conditions. In order to overcome this problem, a new method 
was developed which involved the addition of taurine to tetrabutylammonium hydroxide, followed by 
removal of unreacted materials and evaporation. This yielded the tetrabutylammonium salt of taurine instead 

so of the sodium salt used in the prior art. The tetrabutylammonium salt of taurine is soluble in organic 
solvents, such as dichloromethane. Thus, 2'-succinyltaxol in THF and triethylamine can be reacted with 
isobutylchloroformate and taurine tetrabutylammonium salt to form the tetrabutylammonium salt of the the 
taxol taurine derivative. Note that the intermediate is a mixed anhydride, which hydrolyzes back to the 
starting compound in the presence of water. 

A minimum volume of distilled water was used to dissolve 250 mg taurine in a flask, and 1 ml of 
aqueous tetrabutylammonium hydroxide was added to the solution. The solution was stirred at room 
temperature for one hour, and then evaporated to dryness. The dry product was dissolved in dry THF 
(about 15 ml), filtered, and the filtrate was evaporated until dry. The dried product was then redissolved in 2 
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mt of dried THF. 

PREPARATION OF 2'-{[4-((2-SULFOETHYL)AMlNO)-1 t 4-DIOXOBUTYL]OXY}TAXOL TETRABUTYLAM- 
MONIUM SALT 

A solution of 2'-succinyltaxol, formed by dissolving 122 mg of 2'-succinyltaxol in about 4 ml of dried 
THF and 50 ul of triethylamine, was cooled to about 0°C. The solution was then combined with 50 m of 
isobutylchloro-formate, the reaction mixture was warmed to room temperature over a 15-minute period, and 
0.5 ml of taurine tetrabutylammonium salt in THF solution (equivalent to 91 mg of taurine tetrabutylam- 
monium salt) were added. Following the addition of the taurine tetrabutyl-ammonium salt, the reaction 
mixture was stirred at room temperature for 5 hours, and the reaction was monitored by TLC with 2/1 
EtOAc/MeOH. The reaction mixture was then filtered, and the solvents were evaporated. Purification by 
flash chromatography using silica gel (300 X 15 mm bed, 7/1 CH 2 CI 2 /MeOH) yielded 168 mg (100%) of 2'- 
{[4-((2-sulfoethyl)amino)-1 ,4-dioxobutyl]oxy}taxol tetrabutylammonium salt. 

The tetrabutylammonium salt was converted to the sodium salt by placing 160 mg of the tetrabutylam- 
monium salt in a beaker with Dowex 50 ion exchange resin in the Na + form (about 3 ml of resin in 3 ml of 
deionized water). After stirring the mixture at room temperature for 1. Scours, the mixture was then passed 
through a small resin column which contained 2 ml of resin in the Na* form, using deionized water as the 
solvent. 

The solution was azeotroped with acetonitrile to yield 122 mg (91.7%) of 2 , -{[4-«2-sulfoethyl)amino)- 
1,4-dioxobutyl]oxy}taxol sodium salt: 




NH(CH2>2S03Na 

40 



Characterization data are presented below in Table 3, and NMR chemical shift data are presented ii 
Table 4 below. 

TABLE 3 



Characterization Data For 2'-{[4-((2-Sulfoethyl)Amino)-1, 4-Dioxobutyl]Oxy}taxol Sodium Salt 


m.p. 

[«] 2 °D 

IR (KBr): 
UV \ MeOH max - 
MS (FAB): 


1 74-1 75 S C 

-29.8* (0.0055, MeOH) 

3450, 3000, 1760, 1730, 1660, 1560, 1400, 1260, 1190, 1050 cm 1 
279 nm ( € 649), 271 nm (<■ 8920), 228 nm (e 12824) 
1105 (MNa*), 1083 (MH*) 
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TABLl 4 
lOQ Data For 

2'-<<4-( (2-Sulfo«thyl)Aa±no)-i, 
4-Dioxobutyl)oxy) taxol flodiua Salt 

Position 'h Shift (ppm from TMS) 13 c Shift (ppm from 

TMS) 

Coupling (hertz) 



C-l 




79 


C-2 


5.66 (d,7) 


76.6 


C-3 


3.8 (d,7) 


47.2 


C-4 




81.6 


C-5 


5.02 (d,9) 


85.4 


C-6 


2 . 52 m 


36 


C-7 


4.35 m 


77.3 


C-8 




58.8 


C-9 




204.8 


C-10 


6.43 S 


72.8 


C-11 




132.6 


C-12 




142.2 


C-13 


6.05 (t,8) 


75.9 


C-14 


2.14 m 


36.2 


C-15 




44. 1 


C-16 


1.18 S 


26.8 


C-17 


1.18 3 


21 


C-18 


1.94 s 


14.9 


C-19 


1.67 s 


10.2 


C-20 


4.23 


72 


C-l' 




173.4 


C-2' 


5.46 (d,7) 


75.8 


C-3' 


5.8 (dd 7,7) 


55 
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10 



15 



20 



25 



30 



40 



N-H 


7.27 (t,7) 




CHj(OAc) 


2.2 s 


22.2 


CHj(OAc) 


2.4 s 


23.3 


Bz 


7.4-8.1 m 


126.8-138. 1 


CO(OAc) 




170.2 


CO(OAc) 




170.2 


CO(OBZ) 




167.2 


CO(NBZ) 




171.2 


c-i* 




173.1 


C-2* 


2.72 m 


30 


C-3* 


2.52 m 


30 






X / J • X 


C-l" 


3.58 1 


47 


C-2" 


2.96 m 


51 


N-H 


3.58 (t,7) 





Note that the tetrabutylammonium salt of taurine may easily be reacted with other 2'-0-acyl acid taxols, 
35 such as 2'-glutaryltaxol. 2*-glutaryltaxol can be formed easily by substituting glutaric anhydride for succinic 
anhydride. It is believed that other members of the oxalic acid series and other anhydrides may react with 
taxol more or less equivalently to the compounds specifically disclosed. Note that, in some instances, 2'- 
glutaryltaxol may be preferred to the use of other 2'-0-acyl acid taxols. Further, it is contemplated that the 
salt forming moiety may be replaced with H or another alkaline or alkaline earth metal. 



EXAMPLE 3 



A solution of 280 mg 3-arnino-l-sulfcpropionic acid in distilled water was formed, and 1 ml 
tetrabutylammonium hydroxide was added. The solution was stirred at 60 °C for one hour, and then 

45 evaporated to dryness. The products were dissolved in about 15 ml THF and excess 3-amino-1- 
sulfopropionic acid was removed by filtration. The filtrate was evaporated, and redissolved in 2 ml dried 
THF for subsequent reaction. A solution of 130 mg 2 , -succinyltaxol and 50 ut of triethylamine in 4 ml of 
dry THF was formed, and the solution was cooled down to 0*C. A 50 ut aliquot of isobutylchloroformate 
was added to the reaction mixture, and the solution was warmed to room temperature in about 15 minutes. 

so This was followed by the addition of 0.6 ml of 3-amino-1-sulfopropionic acid tetrabutylammonium salt in 
THF solution (equivalent to 108 mg of 3-amino-1-sulfopropionic acid tetrabutylammonium salt). The reaction 
mixture was stirred at room temperature for three hours, and reaction progress was monitored by TLC with 
4/1 ethyl acetate/methanol. The reaction solution was then filtered and evaporated, with the product being 
purified by flash chromatography using silica gel (300 mm x 15 mm bed with a 10/1 

55 dichloromethane/methanol eluent). A yield of 128 mg (71.2%) of the homogenous tetrabutylammonium salt 
of taxol resulted. 

The tetrabutylammonium salt was converted to the sodium salt by placing 120 mg of 2*-{[4-((3- 
sulfopropyl)-amino)-1,4-dioxobutyl]oxy}taxol tetrabutylammonium salt in a beaker with Dowex 50 ion ex- 

14 



EP 0 537 905 A1 



change resin in the Na* form (approximately 3 ml of resin per 3 ml deionized water). The mixture was 
stirred at room temperature for about 1 .5 hours, and then passed through a resin column which contained 2 
ml of resin in the Na form, and using deionized water as a solvent. The solution was azeotroped with 
acetonitrile and yielded 84 mg (79.3%) of 2'-{[4-((3-sulfopropyl)-amino)-1 ( 4-dioxobutyl]oxy}taxol sodium 
5 salt: 



10 



15 



20 




Characterization data for this compound is presented in Table 5, and NMR chemical shift data is 
25 presented in Table 6 below. 

TABLE 5 



Characterization Data For 2'-{[4-((3-Sulfopropyl)Amino)-1, 4-Dioxobutyl]oxy}taxol Sodium Salt 


m.p. 

[aF°D 

IR (KBr): 

UV \ Me ^ H max, 

MS (FAB): 


1 68-1 69 "C 

-29* (0.001, MeOH) 

3480, 3000, 1760, 1740, 1660, 1550, 1400, 1260, 1050 cm" 1 
279 nm (e 974), 271 nm (e 1240), 228 nm ( € 12719) 
1119 (MNa + ), 1097 (MH*) 
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TAB LB 6 

NKR Data For 

2'-{[4-< (3-Sulfopr pyl)Xmin 
4-Di x butyl] oxy) taxol Sodium Salt 



Position 1 H Shift (ppm from TMS) 13 C Shift (ppm from 

TMS) 

Coupling (hertz) 
C-l * 

C-2 5.63 (d,7) 74.8 

C-3 3.8 (d,7) 46 
C-4 80.8 

C-5 4.99 (d,9) 84.2 

C-6 2.5 m 34.7 

C-7 4.34 m 75.9 
C-8 57.5 
C-9 204.2 

C-10 6.44 s 71.3 
C-ll 131.6 
C-12 141.2 

C-13 6.05 (t,8) 75.2 

C-14 2.14 a 35.7 
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C-15 42.8 

C-1S 1.16 3 25.6 

C-17 1.16 s 19.4 

C-18 1.93 3 13.6 

C-19 1.67 3 8.9 

C-20 4.21 s 70.8 

C-l' 172 

C-2' 5.44 (d,7) 74.2 

C-3' 5.79 (dd 7,7) 53.6 

N-H 7-25 (t,7) 

CH 3 (OAc) 2.2 3 20.9 

CH 3 (OAc) 2.4 3 21.6 

Bz 7.4-8.1 m 126.8-138.1 

CO(OAc) 169 

CO(OAC) 170.2 

CO(OBZ) 166.4 

CO(NBZ) 170.2 

C-l* 171.9 

C-2' 2.75 (t,7) 29 

C-3' 2.54 (t,7) 29.8 

c _ 4 » 171.9 

C-l- 3.25 m 37.9 

C-2- 1-98 m 28.3 

C-3" 2.85 (t,7) ** 



* under CHC1 3 signal ** under MeOH signal 



Note, it is envisioned that sodium can be replaced with H or any other salt forming moiety such 
other alkaline or alkaline earth metals, and ammonio groups. 
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EXAMPLE 4 

A solution of 26 mg 2'-succinyltaxol and 20 m of triethylamine in 2 ml of dried THF was prepared 

were purified by preparative TLC (1:3 dichloromethane/ethyl acetate), yield.ng 25 mg (83.3 A) of 2 {[4 ((2 
hydroxyethyl)oxy)-1 ,4-dioxobutyl]oxy}taxol: 



15 



20 



C5H5CNH 



H 5 C 6 



25 




O-CCBjjj-OH 



30 



Characterization data are presented in Table 7 and NMR chemical shift data are presented in Table 8 

below. 

TABLE 7 



35 



40 



Characterization Data For 2-.{[4-((2-hydroxyethyl)oxyH^dioxobutylloxy}taxol 



m.p. 

[aF°o 
IR (KBr): 

UV X MeOH rnax. 

MS (FAB): 



164-1 65 *C 

-32.5° (0.002, MeOH) 

3500, 2950, 1760, 1740, 1660, 1390, 1260, 1160, 1080, 
279 nm (« 609), 272 nm ( c 831), 228 nm ( c 14404) 
1020 (MNa*), 998 (MH + ) 



1 040 cm" 



45 



50 



55 
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TAB LB 8 



NMB. Data For 
2'-{[4-<<2-hydr xy«thyl)oxy)-i, 
4-dioxobutyl] oxy } taxol 



Position 1 H Shift (ppm from TMS) 13 c Shift (ppm from 
TMS) 

Coupling (hertz) 

_ 79.1 

C-2 5.7 (d, 7) 75.8 

C-3 3.8 (d,7) 45.8 

C-4 81 

C-5 4.95 (d,9) 84.3 
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30 



35 



45 



C-6 



C-8 
C-9 



C-ll 
C-12 



C-15 

20 



C-19 



C-l' 



CO(OBZ) 



2.56 m 35.6 



C-7 4.43 m 75.8 



58.2 
204 



;o C-10 6.29 s 72.1 



13 2 
142.3 



' 5 C-13 6.23 (t,8) 75.8 

C-14 



2.42 m 35.6 

43.2 



C-16 1-23 S 26.8 

C-17 LIS 3 20,5 

25 C-18 1.94 3 14.3 



1.70 s 9.8 



C-20 4-19 7 2.1 



172.2 



C-2' 5.48 (d,3) 74.3 

C-3' 5.97 (dd 3,9) 52.9 

N-H 7.14 <d,9) 

CHj(OAC) 2.25 3 22.1 

40 CH3(OAc) 2.45 3 22.8 

Hz 



7.4-8.1 m 126.8-138.1 

CO(OAC) 168 
CO(OAC) 169.9 



167 



50 CO(NBZ) 167 • 3 



55 
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C-l* 171 

02* 2.65 m 29 

5 

C-3* 2.78 m 29 
C-4* 171 

w C-l m 3.7 (t,7) 66.2 

C-2" 4.1m 61 



75 



EXAMPLE 5 

20 To a 10 ml flask, 20 mg taxol, 40 mg of dicyclohexylcarbodiimide, and 20 mg of N-carbobenzyl-7- 
aminobutyric acid were added. The reactants were dissolved in 4 ml of dry acetonitrile (dry acetonitrile was 
obtained by passing acetonitrile through activated alumina). After stirring the reaction mixture at room 
temperature for 30 hours, the solution was filtered to remove precipitated dicyclohexylurea. The solvent was 
then removed under vacuum, and the crude products were separated by preparative TLC with 45:55 

25 hexane/ethyl acetate. This yielded 19.1 mg (75.9%) of pure 2'-N-CBZ- 7 - aminobutyryltaxol. 

2'-7-aminobutyryltaxol formate was synthesized by the addition of 6 mg of 2'-N-CBZ- 7 -aminobutyryl- 
taxol to 1.5 ml of methanol. Upon the dissolution of the CBZ-taxol derivative, 1 ml of formic acid was added 
to form a 40% formic acid/methanol solution. The reaction was carried out by adding 5 mg of 5% of Pd/C 
to the solution, and stirring it at room temperature for 26 hours. The reaction was stopped by filtering off the 

30 Pd/C, and drying the filtrate under vacuum. This yielded 2'«ramino-butyryltaxol formate: 



35 



40 



II 

C N H 



H 5 C € 




45 



0 



CH 2 CH2CH2NH30CH 
0 




C 6 H 5 



50 



55 



After a few hours, proton NMR and TLC with 2:1:0.02 dichloromethane/ethylacetate/methanol showed 
that the 2*-7-aminobutyryltaxol formate had decomposed back to taxol. 

EXAMPLE 6 

Taxol's water solubility was determined by dissolving 1.6 mg of taxol in 10 ml of distilled water 
saturated with 1-octanol in a 60 ml separatory funnel, and 10 ml of 1-octanol saturated with distilled water 
was then added. The funnel was shaken, and allowed to stand for about 30 minutes until the organic and 
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aqueous phases separated. UV absorption measurements at 228 nm were made of the aqueous layer 
and/or octanol layer, with the octanol layer being diluted 5 times before measurement. 

Following the same procedure as above, 0.8 mg of 2'-[(3-sulfo-1-oxopropyl)oxy]taxol sodium salt, 0.8 
mg of 2*-{[4-((2-sulfoethyl)amino)-1,4-dioxybutyl]oxy}taxol sodium salt and 0.7 mg of 2*-{[4-((3-sulfopropyl)- 
amino)-1,4-dioxybutyl]oxy} taxol sodium salt had their water solubilities determined relative to taxol; the 
results are presented below in Table 9. 

TABLE 9 



10 



75 



TAXOL DERIVATIVE WATER SOLUBILITIES RELATIVE TO TAXOL 


Compound 


Relative Solubility 


Taxol 

2 , -[(3-sulfo-1-oxopropyl)oxy]taxol sodium salt 
2 , -{[4-((2-sulfoethyl)amino)-1,4-dioxybutyl]oxy}taxol sodium salt 
2'-{[4-((3-sulfopropyl)amino)-1 ,4-dioxybutyl]oxy}taxol sodium salt 


1 

210 
191 
118 



Table 9 indicates that the 2'-acryloyltaxol derivative had the highest water solubility, and is 210 times 
20 more water soluble than taxol. Note that the taurine 2'-succinyltaxol derivative has a much greater water 
solubility than the 3-amino-1-sulfopropionic acid derivative of 2 , -succinyltaxol; however, both compounds 
have solubilities more than 100 times greater than taxol. The decreased solubility for the 3-amino-1- 
sulfopropionic acid derivative of 2 , -succinyltaxol is probably due to the increased alkyl chain length. 

25 EXAMPLE 7 

Although it is readily apparent from Example 1 above that other members of the acrylic acid family, 
such as but not limited to acrylic acid substituted at the alpha and/or beta position with alkyls, alkenes, 
aryls, and cyclic compounds, additional acrylic acid derivatives of taxol were prepared to conclusively prove 
30 that other members of the acrylic acid family could be reacted with taxol in an equivalent fashion to acrylic 
acid. 

Taxol (22 mg) in a dried flask, flushed with argon, was treated at 0'C with 1 ml of a solution prepared 
from dicyclohexylcarbodiimide (DCC, 39.9 mg), trans-cinnamic acid (16.0 mg) and dry acetonitrile 
(approximately 4.0 ml). A catalytic amount of dimethylaminopyridine (DMAP) was added, and the reaction 
35 monitored by thin layer chromatography. After 15 minutes, a second 1 ml portion of the reagent solution 
was added. After about half an hour, the mixture was warmed to 25° C, and allowed to stand for 1 hour. The 
reaction yielded 10.4 mg of 2'-trans-cinnamoy!taxol (yield of approximately 65%). An NMR spectrum of the 
2'-trans-cinnamoyl taxol is represented in Figure 2. 



40 EXAMPLE 8 
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Taxol (23 mg) in a dried flask, flushed with argon, was treated at 0° C with 1 ml of a solution prepared 
from 43 mg DCC, 10.0 mg crotonic acid, and 4 ml dry acetonitrile. A catalytic amount of 
dimethylaminopyridine (DMAP) was added, and the reaction monitored by TLC. After 15 minutes, a second 
1 ml portion of the reagent solution was added, and after about half an hour, the mixture was warmed to 
25 °C, and allowed to sit for 1 hour. Purificatino and analysis confirmed the synthesis of 2 , -trans-crotonyl 
taxol (45% yield). An NMR spectrum of the 2*-trans-crotonyl taxol is represented in Figure 3. 

Thus, the present invention discloses new taxol derivatives with increased water solubility in comparison 
to underivatized taxol, and which are stable for longer periods of time than certain previous derivatives of 
taxol which had increased water solubilities. These compounds are produced by new processes that result 
in high yields of essentially pure compounds. Characterization data and NMR studies confirm the structure 
and properties of the taxol derivatives of the present invention. In addition to having high water solubilities 
and improved stability, these compounds retain their bioactivity and usefulness as antineoplastic, anti- 
leukemic and anti-cancer prodrugs. 

Contemplated equivalents of the water soluble taxol derivatives of the present invention include 2'- 
acryloyl and 2'-0-acyl acid derivatives of taxol which have one or more side chain or ring substituents 
substituted with a non-interfering group (e.g., a substituted group which does not seriously alter the 
desirable properties of the taxol derivatives of the present invention), such as but not limited to, substitution 
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of -H, -OH t -OR, -NR, -Ar, or =0 for another non-interfering moiety. 

From the above teachings, it is apparent that many modifications and variations of the present invention 
are possible. It is therefore to be understood that the invention may be practiced otherwise than as 
specifically described. 

Claims 

1. Derivatives of taxol having the following general structure. 




C = 0 
I 

*C 6 H 3 



wherein: 

X, Y and 2 are each selected from the group consisting of H, alkyls and aryls; and when one of Y or Z 
is H, the other is different from X. 

2. A derivative of taxol according to Claim 1 , wherein said derivative is more water soluble than taxol and 
retains some of taxol's antineoplastic activity. 

3. Water soluble derivatives of taxol having the following general structure: 




CWX--CYZ -S0 2 0-M ^ = q 

I 

Q3H5 

wherein: 

W, X, Y, Z are each selected from the group consisting of H, alkyls and aryls; M is selected from 
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group consisting of H, alkaline metals and ammonio groups; and if W or X is H, then CWX is different 
from CYZ. 

A water soluble derivative of taxol according to Claim 3, wherein said derivative is more water soluble 
than taxol and retains some taxol's antineoplastic activity. 
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